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Resea rch  Memoranda a r e  i n f o r m a l  p u b l i c a t i o n s  
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M o d e l l i n g  and S i m u l a t i o n  f o r  E n v i r o n m e n t a l  Impact  A n a l y s i s  
* 
C.S. H o l l i n g  e t  a l .  
I .  I n t r o d u c t i o n  
T h i s  p a p e r  h a s  been w r i t t e n  t o  a p p e a l  t o  a s c i e n t i f i c  
a u d i e n c e .  It i s  i n t e n d e d  t o  p r o v i d e  g u i d e l i n e s  f o r  t h e  i n -  
. .- 
d i v i d u a l  d i r e c t l y  r e s p o n s i b l e  f o r  d e s i g n i n g  a n  e n v i r o n m e n t a l  
i m p a c t  a s s e s s m e n t .  He may be a p r o j e c t  a d m i n i s t r a t o r  i; 
government  o r  i n d u s t r y ,  o r  h e  may b e  t h e  head  o f  a commit tee  
c h a r g e d  w i t h  d e v e l o p i n g  a n  i n d e p e n d e n t  a s s e s s m e n t .  I n  any 
c a s e ,  h e  h a s  a s p e c i f i c ,  and w e l l - d e f i n e d  r o l e  i n  t h e  f u l l  
, d e c i s i o n  p r o c e s s  and must  i n t e r a c t  w i t h  t h e  o t h e r  r o l e  
p l a y e r s .  He i s  presumed t o  have  a t e c h n i c a l  s t a f f ,  and i t  
i s  assumed t h a t  h e  i s  h i m s e l f  d i r e c t l y  i n v o l v e d  i n  t h e  
s t r a t e g i c  e v a l u a t i o n  and t h a t  h i s  s t a f f  w i l l  be i n v o l v e d  i n  
t h e  t e c h n i c a l  e v a l u a t i o n .  
The p a p e r  b e g i n s  by d e s c r i b i n g  t h e  e s s e n t i a l  c h a r a c t e r -  
i s t i c s  o f  a model and t h e n  g o e s  on t o  i d e n t i f y  t h e  c r i t e r i a  
which w i l l  e s t a b l i s h  t h e  need f o r  a model i n  e n v i r o n m e n t a l  
impac t  a s s e s s m e n t .  Then, a ssuming  t h a t  t h e  u s e  o f  a model i s  
a p p r o p r i a t e  and w o r t h w h i l e ,  t h e  p a p e r  g i v e s  a d v i c e  on how t o  
s t a r t ,  on what  t h e  d e c i s i o n  maker w i l l  need t o  d o ,  and on  what  
h e  w i l l  need t o  a s k  h i s  s t a f f  t o  d o .  A f t e r  a b r i e f  d e s c r i p t i o n  
 his i s  a d r a f t  c h a p t e r  f o r  a f o r t h c o m i n g  p u b l i c a t i o n  
on R e g i o n a l  E n v i r o n m e n t a l  Impact  Assessment ,  t o  be  p u b l i s h e d  
by t h e  I n t e r n a t i o n a l  C o u n c i l  o f  S c i e n t i f i c  Unions '  S c i e n t i f i c  
Committee on Prob lems  of t h e  Envi ronment .  It was p r e p a r e d  w i t h  
J. S t e e l e ,  J .  J e f f e r s ,  J .  R a b i n o v i c h ,  G .  G a l l o p i n ,  J .  G r o s s ,  
and Y .  Shimazu.  
of a  s imp le  p o l i c y  a n a l y s i s  which w i l l  de te rmine  whether  o r  
no t  i t  i s  worth c o n t i n u i n g  wi th  t h e  development o f  t h e  model, 
t h e  p r o c e s s e s  o f  mode l l i ng  and v a l i d a t i o n  a r e  o u t l i n e d  s o  
t h a t  o u r  a d m i n i s t r a t o r  w i l l  know what t h e  t e c h n i c a l  e x p e r t s  
concerned wi th  t h e s e  s t a g e s  a r e  do ing .  The use  o f  models i n  
complex p o l i c y  a n a l y s i s  and p o s s i b l e  forms o f  p r e s e n t a t i o n s  
o f  t h e  r e s u l t s  o f  t h e  a n a l y s i s  a r e  t h e n  d e s c r i b e d .  F i n a l l y ,  
a  very  b r i e f  d e s c r i p t i o n  i s  g i v e n  o f  p o s s i b l e  developments  
i n  mode l l i ng  t e c h n i q u e s  r e l e v a n t  t o  env i ronmen ta l  impact  
assessment .  
11. What i s  a  Model? 
The s i m p l e s t  i l l u s t r a t i o n  o f  t h e  concept  i s  t o  r e g a r d  a  
model a s  a c a r i c a t u r e  of  r e a l i t y .  We can  never  produce a  
p e r f e c t  copy o f  r e a l i t y ,  b u t ,  i f  we can  mimic t h a t  most 
i m p o r t a n t  f e a t u r e s ,  t h e n  t h e  c a r i c a t u r e  w i l l  be r e c o g n i z a b l e  
and u s e f u l .  P h y s i c a l  models c a n  o f t e n  be c o n s t r u c t e d ,  a s  i n  
h y d r a u l i c  models o f  e s t u a r i e s ,  b u t  t h e s e ,  a l t h o u g h  sometimes 
h e l p f u l ,  c anno t  u s u a l l y  i n c l u d e  e c o l o g i c a l  o r  s o c i a l  e f f e c t s  . 
To i n c l u d e  t h e s e  e f f e c t s ,  t h e  most p r a c t i c a b l e  model i s  
u s u a l l y  a mathema t i ca l  r e p r e s e n t a t i o n ,  i n  which t h e  p h y s i c a l  
c o n n e c t i o n s  a r e  r e p l a c e d  by l o g i c a l  r e l a t i o n s h i p s .  The 
a p p a r e n t  l o s s  i n  r e a l i t y  i s  compensated by t h e  a b i l i t y  of  t h e  
mathematics  t o  hand le  l a r g e  numbers o f  e lements  and t h e  
compl i ca t ed  l i n k a g e s  between t h o s e  e l emen t s .  Most i m p o r t a n t ,  
however, t h e  s i m u l a t i o n  p r o v i d e s  greater f l e x i b i l i t y  
p a r t i c u l a r l y  i f  t h e  m a t h e m a t i c a l  m o d e l l i . ~ g  i s  combined w i t h  
t h e  u s e  o f  a compute r .  It i s  p o s s i b l e  t o  i n v e s t i g a t e  t h e  
c o n s e q u e n c e s  o f  many o p t i o n s  and i n  t h i s  p o s s i b i l i t y  l i e s  
t h e  p a r t i c u l a r  a d v a n t a g e  o f  computer  models  f o r  e n v i r o n m e n t a l  
a s s e s s m e n t .  
T h e r e  a r e ,  however ,  c o n s t r a i n t s .  Are t h e  d a t a  good 
enough? Do we know a l l  t h e  i m p o r t a n t  l i n k s ?  If n o t ,  t h e  
o u t p u t  from t h e  model  may be m i s l e a d i n g - - a  good c a r i c a t u r e ,  
b.  t o f  t h e  wrong p e r s o n !  I n  t h e  n e x t  s e c t i o n ,  we s h a l l  t r y  
t o  d e f i n e  t h e  c r i t e r i a  r e q u i r e d  f o r  a u s e f u l  mode l ,  s t r e s s i n g  
b o t h  t h e  v a l u e  and  t h e  l i m i t a t i o n s  o f  s u c h  a model  f o r  
e n v i r o n m e n t a l  i m p a c t  a s s e s s m e n t .  
111. Should  I Use a Model? 
The e s s e n t i a l  f e a t u r e  o f  e n v i r o n m e n t a l  i m p a c t  a s s e s s m e n t  
i s  t h e  c h o i c e  between a r a n g e  o f  a l t e r n a t i v e s .  Any c h o i c e  
w i l l  e f f e c t  s e v e r a l  h e t e r o g e n e o u s  t ' e l e m e n t s " - - p h y s i c a l ,  
e c o l o g i c a l ,  a n d  s o c i a l .  F u r t h e r ,  t h e s e  e l e m e n t s  a r e  u s u a l l y  
i n t e r r e l a t e d  i n  c o m p l i c a t e d  ways and  t h e r e  i s  a mass of 
i n f o r m a t i o n .  The mass may b e  small, i t  may h a v e  o b v i o u s ,  a n d  
n o t  s o  o b v i o u s ,  g a p s  i n  i t ,  and i t  i s  l i k e l y  t o  a p p e a r ,  
i n i t i a l l y ,  i n  a t h o r o u g h l y  i n d i g e s t i b l e  form.  We h a v e  
d e s c r i b e d  e l s e w h e r e  methods  f o r  o r d e r i n g  t h i s  i n f o r m a t i o n ,  
f o r  d i s p l a y i n g  t h e  l i n k s  between e l e m e n t s  and f o r  e v a l u a t i n g  
t h e  a l t e r n a t i v e s .  When w i l l  i t  be v a l u a b l e ,  o r  e v e n  
e s s e n t i a l ,  t o  g o  beyond t h e s e  t e c h n i q u e s  and  s e t  up a 
"model"? 
The b e s t  known f e a t u r e  of computers i s  t h e i r  a b i l i t y  t o  
u se  l a r g e  amounts o f  d a t a .  T y p i c a l l y ,  such d a t a  be long  t o  
a  few s imp le  c a t e g o r i e s - - e . g .  hours  worked and pay s c a l e s - -  
and t h e  c a l c u l a t i o n s  performed are, i n d i v i d u a l l y ,  s t r a i g h t -  
forward--e .g .  wages pa id .  It i s  t h e  volume and  speed o f  t h e  
c a l c u l a t i o n s  which a r e  i m p r e s s i v e .  
C r i t e r i o n  1. I f  you r  a s se s smen t  w i l l  r e q u i r e  t h e  
h a n d l i n g  of  l a r g e  q u a n t i t i e s  o f  d a t a ,  o r  l a r g e  amounts o f  
s imp le  c a l c u l a t i o n s ,  a  computer-based mathemat ica l  model 
w i l l  g e n e r a l l y  be  d e s i r a b l e .  
The i n t e r c o n n e c t e d  n a t u r e  o f  t h e  e l emen t s  i n  t h e  env i -  
ronment poses  s p e c i a l  problems f o r  impact  assessment  because  
t h e  l i n k a g e s  between t h e s e  e l emen t s  a r e  o f t e n  f a r  from s imp le .  
If we have two r e l a t e d  e l emen t s ,  r e p r e s e n t i n g  an  a c t i o n  and 
an impact ,  t h e  s i m p l e s t  assumpt ion  t o  make i s  t h a t ,  when w e  
a l t e r  one e lement  s l i g h t l y ,  t h e  o t h e r  e lement  w i l l  change 
s l i g h t l y  and p r o p o r t i o n a t e l y  ( F i g u r e  1 . 1 ) .  The t e c h n i c a l  
t e rm f o r  such  r e l a t i o n s h i p s  i s  " l i n e a r .  " Very o f t e n ,  i n  
n a t u r a l  o r  s o c i a l  sys tems ,  t h e  assumpt ion  o f  l i n e a r  r e l a t i o n -  
s h i p s  i s  f a l s e .  An a c t i o n  may produce s i g n i f i c a n t  change,  
b u t  i n c r e a s i n g  t h e  a c t i o n  may n o t  cause  s i g n i f i c a n t l y  more 
change i n  t h e  impact  ( F i g u r e  1 . 2 ) .  A l t e r n a t i v e l y ,  a  
g r a d u a l l y  i n c r e a s i n g  a c t i o n  may produce n e g l i g i b l e  change 
u n t i l  a p o i n t  i s  r eached  a t  which d r a m a t i c  a l t e r a t i o n s  i n  
impact  o c c u r  ( F i g u r e  1 . 3 ) .  Both o f  t h e s e  r e l a t i o n s h i p s  are 
( 1  linear relationship 
( 2 )  non - linear relationship 
impact 
action 
( 3 )  complex non-linear relationship 
Figure 1 .  Typical forms of relationships between action 
and impact. 
t e c h n i c a l l y  d e s c r i b e d  a s  " n o n - l i n e a r . "  I n  t h e  fo rmer ,  w e  may 
o v e r e s t i m a t e  t h e  p r o b a b l e  impact  o f  i n c r e a s e d  a c t i o n  by 
assuming  l i n e a r i t y ;  i n  t h e  l a t t e r  we may n o t  f o r e s e e  a 
p o t e n t i a l  c a t a s t r o p h e .  F u r t h e r ,  t h e s e  r e s p o n s e s  may be  
d i s p l a c e d  by t h e  sys tem and a p p e a r  a s  impac t s  a t  p o i n t s  
s t r u c t u r a l l y  o r  g e o g r a p h i c a l l y  d i s t a n t  from t h e  a c t i o n .  
I n  t h e  d e s c r i p t i v e  methods t h a t  a r e  now used t o  deve lop  
impac t  s t a t e m e n t s ,  we assume e i t h e r  e x p l i c i t l y  o r  i m p l i c i t l y  
t h a t  t h e  l i n k s  between a c t i o n  and impac t  a r e  o f  t h e  s i m p l e  
l i n e a r  t y p e ,  a l t h o u g h  we may wonder what would happen i f  t hey  
were n o t .  Also ,  t h e r e  i s  a l i m i t  t o  t h e  number o f  l i n k s  
which we can comprehend a t  any one time, p a r t i c u l a r l y  when 
some of  t h e s e  l i n k s  a r e  d i r e c t  and some a r e  i n d i r e c t .  
E x p l o r a t i o n  o f  t h e  p o s s i b l e  i n f l u e n c e s  o f  n o n - l i n e a r i t i e s  
and o f  i n d i r e c t  l i n k s  i s  f r e q u e n t l y  p o s s i b l e  by t h e  use of  
ma thema t i ca l  models ,  and where t h e r e  a r e  many s u c h  l i n k s  
t h e s e  models can b e s t  be  e x p l o r e d  by t h e  use  o f  computers .  
C r i t e r i o n  2 .  I f  t h e r e  are many complex l i n k s  between 
t h e  e l emen t s  o f  you r  env i ronmen ta l  impact  a s se s smen t ,  t h e  
use  of a computer-based model w i l l  be  n e c e s s a r y .  
Many env i ronmen ta l  impac t  a s se s smen t s  conce rn  n o t  on ly  
t h e  s c a l e  o f  t h e  changes  t o  be  imposed, b u t  a l s o  t h e  r a t e  
a t  which t h e s e  changes  w i l l  be  i n t r o d u c e d .  For  example,  
t h e  impact  may be  l e s s  i f  w e  proceed  s l o w l y ,  o r  a l t e r n a t i v e l y ,  
changes  may c o n t i n u e  t o  o c c u r  even a f t e r  t h e  p r o j e c t  h a s  been 
comple ted .  I f ,  f o r  each of  t h e  l i n k s ,  t h e  r e l a t i o n s h i p s  
w i t h  t ime  can  be  d e f i n e d ,  p a r t i c u l a r l y  t h e  d e l a y s  o r  t ime 
l a g s ,  t h e n  t h e  sequences  i n  t h e  o v e r a l l  a l t e r a t i o n  can be  
de t e rmined .  I n  mathemat ica l  t e rms ,  t h e  a n a l y s i s  would t h e n  
be dynamic and n o t  s t a t i c .  
C r i t e r i o n  3 .  I f  it i s  e s s e n t i a l  t o  de t e rmine  t h e  changes  
of t h e  environment  w i t h  t ime  a s  a  r e s u l t  of t h e  proposed 
a c t i o n s ,  a  computer-based ma thema t i ca l  model w i l l  u s u a l l y  
be h e l p f u l .  
One a p p a r e n t  d i s a d v a n t a g e  i s  t h a t  every  e lement  and 
eve ry  l i n k  i n  t h e  a s se s smen t  h a s  t o  be d e f i n e d  e x p l i c i t l y .  
It i s  n o t  enough t o  s a y  " w i l d l i f e  w i l l  d e c r e a s e  th rough l a c k  
o f  food . "  It i s  n e c e s s a r y  t o  d e f i n e  t h e  s p e c i e s  o f  d e e r ,  t o  
e s t i m a t e  t h e  s i z e  o f  t h e  p r e s e n t  p o p u l a t i o n ,  what they  e a t ,  
t h e  r a t e  o f  m i g r a t i o n ,  t h e  p r e s e n t  d e a t h  r a t e ,  and s o  on.  
I n  f a c t ,  t h i s  a p p a r e n t  d i s a d v a n t a g e  i s  a c t u a l l y  a  major  
advan tage .  The n a t u r e  o f  t h e  mode l l i ng  p r o c e s s  f o r c e s  i n t o  
t h e  open h idden  assumpt ions  which may have t o o  l i t t l e  b a s i s  
i n  f a c t .  It r e v e a l s  a r e a s  where i n f o r m a t i o n  seems i n a d e q u a t e ,  
and,  e s p e c i a l l y ,  it makes t h e  p a r t i c i p a n t s  i n  t h e  a s se s smen t ,  
who may have ve ry  d i f f e r e n t  backgrounds,  aware of  each  o t h e r s 1  
problems.  
C r i t e r i o n  4 .  If i n c r e a s e d  d e f i n i t i o n  of  assumpt ions  and 
e l e m e n t s  w i l l  be v a l u a b l e  i n  drawing  t o g e t h e r  t h e  many 
d i s c i p l i n e s  i nvo lved  i n  t h e  a s se s smen t ,  a  model may be 
h e l p f u l .  
When t h e s e  e l emen t s  and l i n k s  have been d e f i n e d ,  i t  i s  
l i k e l y  t h a t  very few w i l l  have t h e  e x a c t n e s s  o f  s imp le  
e l emen t s  l i k e  "hours  worked" o r  "wage r a t e s . "  Many w i l l  have 
wide l i m i t s  t o  t h e i r  p robab le  v a l u e s ,  e i t h e r  t h rough  o u r  l a c k  
o f  knowledge o r  because  they  do r e a l l y  vary i n  space  and t i m e ,  
and some may even have t o  be guessed .  If t h e  ave rage  v a l u e  
o f  each  e lement  i s  used a s  b a s i s  f o r  t h e  s i m u l a t i o n ,  t h e n  
t h e  computer w i l l  produce a  s i n g l e ,  a p p a r e n t l y  e x a c t ,  r e s u l t  
o f  t h e  consequences  o f  an  env i ronmen ta l  change.  Even when 
s e v e r a l  a l t e r n a t i v e s  a r e  i n c l u d e d ,  t h e  s u c c e s s i o n  o f  e x a c t  
r e s u l t s  i s  s t i l l  an i l l u s i o n .  The q u a l i t y  o f  t h e  r e s u l t s  
produced can  be no  b e t t e r  t h a n  t h a t  of  t h e  e l emen t s  t h a t  
formed t h e  i n p u t  t o  t h e  s i m u l a t i o n .  
Again, however,  t h e  v a r i a b i l i t y  o f  t h e  i n p u t  v a r i a b l e s  
may be used by t h e  model t o  p r o v i d e  i n d i c a t i o n s  o f  t h e  
p r o b a b l e  r a n g e  o f  e f f e c t s .  T e c h n i c a l l y ,  t h i s  i s  termed 
p r o b a b i l i s t i c  o r  s t o c h a s t i c  mode l l i ng .  If ,  f o r  example,  
we a r e  examining  t h e  impact  on a  d e e r  p o p u l a t i o n  o f  b u i l d i n g  
a  dam, p r e l i m i n a r y  examina t ion  o f  t h e  model may s u g g e s t  only 
s l i g h t  d e c r e a s e s  i n  t h e  s i z e  o f  t h e  p o p u l a t i o n ,  and no  f u r t h e r  
i n f o r m a t i o n  on t h i s  e f f e c t  needs  t o  be sough t .  S i m i l a r l y ,  
i f  t h e  e f f e c t  i s  shown t o  be l a r g e ,  t h e n  c l e a r l y  i t  must be  
e v a l u a t e d ,  b u t ,  a g a i n ,  no  f u r t h e r  i n f o r m a t i o n  needs  t o  be 
c o l l e c t e d .  Where, however,  t h e  e f f e c t  i s  shown t o  b e  h i g h l y  
v a r i a b l e  and d e p e n d e n t  upon t h e  i n p u t  a s s u m p t i o n s ,  t h e n  
c o n s i d e r a b l e  f u r t h e r  i n f o r m a t i o n  may be r e q u i r e d  a b o u t  t h e  
r e a l i t y  o f  t h e  a s s u m p t i o n s  c o n c e r n i n g  t h e  r e l a t i o n s h i p  between 
dam c o n s t r u c t  i o n  and d e e r  p o p u l a t i o n s  . 
C r i t e r i o n  5. I f  some o r  a l l  o f  t h e  r e l a t i o n s h i p s  between 
t h e  e l e m e n t s  o f  t h e  a s s e s s m e n t  c a n  o n l y  b e  d e f i n e d  i n  t e r m s  o f  
s t a t i s t i c a l  p r o b a b i l i t i e s ,  a  model w i l l  be e s s e n t i a l .  
The above  example  i l l u s t r a t e s  t h e  c i r c u l a r  n a t u r e  o f  t h e  
m o d e l l i n g  p r o c e s s  and t h e  v a l u e  o f  s t a r t i n g  a s i m u l a t i o n  e a r l y .  
It a l s o  i l l u s t r a t e s  some o f  t h e  l i m i t a t i o n s  o f  t h e  p r o c e s s .  
How i m p o r t a n t  i s  t h e  d e e r  p o p u l a t i o n ?  T h i s  v a l u e  judgment i s  
a c r i t i c a l  p a r t  o f  t h e  a s s e s s m e n t .  It  c a n  d e f i n e  what must  
go  i n t o  t h e  model  and  i n  how much d e t a i l  i t  n e e d s  t o  be  
d e s c r i b e d .  But i t  i s  n o t  p a r t  o f  t h e  model i t s e l f .  The 
a s s e s s o r s  o f  e n v i r o n m e n t a l  impac t  must d e t e r m i n e  r e g i o n a l ,  
p o l i t i c a l ,  and s o c i a l  f a c t o r s  t o  be t a k e n  i n t o  a c c o u n t .  Can 
t h e s e  f a c t o r s  be f i t t e d  w i t h i n  t h e  c o n s t r a i n t s  imposed by t h e  
n a t u r e  o f  s i m u l a t i o n  m o d e l l i n g ?  I f  t h e  a s s e s s o r s  c o n s i d e r  
t h a t  some f a c t o r  i s  s o  i m p o r t a n t  t h a t  i t  must b e  i n c l u d e d ,  
b u t  i s  t o o  i l l - d e f i n e d  t h a t  even  main f e a t u r e s  o f  i t s  i n t e r -  
a c t i o n s  w i t h  o t h e r  a s p e c t s  c a n n o t ,  o r  s h o u l d  n o t ,  be 
e x p r e s s e d  q u a n t i t a t i v e l y ,  t h e n  m o d e l l i n g  may n o t  b e  an 
a p p r o p r i a t e  t e c h n i q u e .  
C r i t e r i o n  6 .  I f  t h e r e  i s  n o  p o s s i b i l i t y  o f  d e f i n i n g  t h e  
e s s e n t i a l  e l e m e n t s  o f  t h e  a s s e s s m e n t  and t h e  r e l a t i o n s h i p s  
between t h e  e l emen t s ,  t h e r e  i s  no p o i n t  i n  a t t e m p t i n g  t o  use 
a  model. 
I t  i s  impor t an t  a l s o  t o  s t r e s s  t h a t  t h e r e  a r e  c o n s t r a i n t s  
on t h e  t e c h n i c a l  e x p e r t s .  They must e n s u r e  t h a t  t h e  inade-  
q u a c i e s  i n  t h e  d a t a  o r  t h e  assumpt ions  a r e  n o t  c o n v e n i e n t l y  
l o s t  w i t h i n  t h e  computer.  F a c t s  and v a l u e s  must n o t  become 
confused .  I t  i s  t h e  r o l e  o f  t h e  a s s e s s o r  t o  r e l a t e  them. 
Because answers  a r e  u s u a l l y  r e q u i r e d  q u i c k l y ,  it is  no h e l p  
t o  s t a r t  a  long- te rm r e s e a r c h  program ( a l t h o u g h  a  f i r s t  
a t t empt  a t  s i m u l a t i o n  can  r e v e a l  c r i t i c a l  gaps i n  e x i s t i n g  
d a t a ) .  F i n a l l y ,  i n  c o n t r a s t  t o  s c i e n t i f i c  r e s e a r c h ,  no 
e x p e r i m e n t a l  t e s t  o f  t h e  model i s  normal ly  p o s s i b l e  i n  
env i ronmen ta l  impact  s t u d i e s .  
I n  t h e  b e s t  o f  a l l  p o s s i b l e  wor ld s ,  t h e r e f o r e ,  it would 
seem t h a t  computers  and models a r e  admirab ly  s u i t e d  t o  cope 
wi th  t h e  complexi ty  of impacted env i ronmen ta l  sys tems .  A 
p e r f e c t  t o o l ,  s u r e l y ,  f o r  impact  assessment?  U n f o r t u n a t e l y ,  
many o f  t h e  p r o d u c t s  of t h e  p a s t  f i f t e e n  y e a r s  o f  a c t i v e  
r e s e a r c h  have f a l l e n  f a r  s h o r t  o f  t h e  promise .  It i s  n o t  
t h a t  t h e  p o t e n t i a l  was n o t  a r e a l i t y .  It  is  r a t h e r  t h a t  
t h e  unde r s t andab ly  e n t h u s i a s t i c  r e l i e f  o f  a t  l a s t  b e i n g  a b l e  
t o  g r a p p l e  w i t h  complex problems l e d  t o  u n c r i t i c a l  and 
g r a n d i o s e  dreams. These dreams d i d  g e n e r a t e  ' ' c a r i c a t u r e s  of 
r e a l i t y , "  b u t  b e t t e r  c a r i c a t u r e s  a r e  found i n  f a i r y  t a l e s  and 
s c i e n c e  f i c t i o n .  But t h a t  s w e l l  o f  e n t h u s i a s t i c  e f f o r t  was 
n e c e s s a r y  and u s e f u l .  A very small s u b s e t  o f  models and 
m o d e l l i n g  a p p r o a c h e s  h a s  now emerged t h a t  h a s  d i r e c t l y  
c o n t r i b u t e d  t o  a s s e s s i n g  i m p ~ i c  t s  o f  l a r g e - s c a l e  d e v e l o p m e n t s  
by i d e n t i f y i n g  u n a n t i c i p a t e d  b e n e f i t s  and d a n g e r s  t h a t  h a v e  
s u b s e q u e n t l y  become f a c t ,  by f o r c i n g  m o d i f i c a t i o n  o f  t h e  
a s s e s s m e n t  p r o c e d u r e ,  and by j l l u m i n a t i n g  c r i t i c a l  a r e a s  o f  
weakness  i n  d a t a  and p o l i c y .  
G e n e r a l l y ,  t h e  u s e f ' u l  and u s e a b l e  t e c h n i q u e s  d e v e l o p e d  
t o  d a t a  have  enlereed frolrl v e r y  s m a l l  g r o u p s  o f  s c i e n t i s t s ,  
who have had a  w e l l - d e f i n e d  ancl 1 . a t h e r  naryo1.I f'ocus and have 
made g r e a t  e f f o r t s  t o  l in lc  t h e    nod el ling e f f o r t ,  from t h e  
s t a r t ,  w i t h  p o l j c y  q u e s t i o n s  and w i t h  v i g o r o u s  d a t a  v a l i d a t i o n .  
I f  we f o r g e t  a b o u t  t h e  e a r l y  " o v e r 1 - s e l l i n g "  o f  t h e  t e c h n i q u e ,  
some u s e f u l  p r o g r e s s  h a s  been made. 
C r i t e r i o n  7 .  I n  g e n e r a l ,  be  c a u t i o u s  o f  a p p l y i n g  any  
i n t e g r a t e d  s e t  of  m o d e l l i n g  t e c h n i q u e s  and p r o c e d u r e s  u n l e s s  
t h e y  h a v e  been d e s i g n e d ,  from t h e  s t a r t ,  w i t h  p o l i c y  q u e s t i o n s  
a s  t h e  f i r s t  c o n s i d e r a t i o n .  
F i n a l l y :  how much w i l l  i t  c o s t ?  With c o s t s  v a r y i n g  f rom 
c o u n t r y  t o  c o u n t r y ,  t h e  b e s t  w e  c a n  d o  i s  d e s c r i b e  t h e  minimum 
r e q u i r e m e n t s  i n  t e r m s  o f  p e r s o n n e l  and f a c i l . i t i e s .  A b a r e l y  
a d e q u a t e  a s s e s s m e n t  i s  f e a s i b l e  w i t h  t h r e e  s c i e n t i s t s  h a v i n g ,  
be tween  them,  e x p e r i e n c e  i n  s e v e r a l  r e s o u r c e  a r e a s  and i n  
m o d e l l i n g ,  one  computer3 prclgrammer, and a  s e c r e t a r y .  I n  
a d d i t i o n ,  tl.lere mus.L; b e  a .ccess  l;o a. s m a l l  computer- ,  t o  d a t a ,  
and t o  r e s o u r c e  s p e c i a l i s t s .  
I n  t h e  Appendix,  an example  i s  d i s c u s s e d  o f  a  s i m p l e  
b u t  u s e f u l  p r e l i m i n a r y  a s se s smen t  of  p a r t  o f  a  major  hydro-  
e l e c t r i c  development  i n  Canada. Th i s  a s s e s smen t  t o o k  t h r e e  
weeks w i t h  a s t a f f  s i m i l a r  i n  s i z e  t o  t h a t  d e s c r i b e d  above 
and c o s t  a p p r o x i m a t e l y  Canadian $8,000 i n  s t a f f  and computer  
t i m e .  An e s s e n t i a l  i n g r e d i e n t ,  however,  was a f i v e  day 
workshop i n v o l v i n g  twenty p o l i c y  and r e s o u r c e  s p e c i a l i s t s  
from t h e  c o n t r a c t i n g  agency.  The c o s t s  o f  t h e i r  t r a v e l  and 
s a l a r i e s  a r e  n o t  i n c l u d e d .  
C r i t e r i o n  8. C o n s t r u c t i o n  o f  a model f o r  e n v i r o n m e n t a l  
impac t  a s s e s s m e n t  w i l l  r e q u i r e  a minimum o f  t h r e e  p r o f e s s i o n a l  
s t a f f ,  two s u p p o r t  s t a f f ,  and a c c e s s  t o  a s m a l l  compute r  and 
t o  t h e  n e c e s s a r y  d a t a  and s p e c i a l i s t s .  
I V .  How Do I S t a r t ?  
The b a s i c  c r i t e r i a  d e s c r i b e d  above s u g g e s t  t h a t ,  wha t eve r  
t h e  a p p a r e n t  c omp lex i t y  o f  t h e  problem,  we can  a t  l e a s t  a t t e m p t  
t o  u s e  a model  i n  an  e n v i r o n m e n t a l  impac t  a s s e s s m e n t .  There  i s  
no  magic f o r m u la  f o r  f i n d i n g  t h e  e n t r a n c e  " o  t h e  p rob lem,  b u t  
t h e r e  is one u n d e n i a b l e  f a c t .  We w i l l  a lways  be  i n  a p o s i t i o n  
t o  o b t a i n  t h e  most s a t i s f y i n g  s o l u t i o n  i f  we s e t  up a c l e a r  
s t r a t e g y  f rom t h e  b e g i n n i n g .  From t h e  moment we b e g i n  t o  
work on t h e  problem,  we have t o  u s e  a l l  o u r  r e s o u r c e s  and 
e x p e r t i s e  t o  impose o u r  g o a l s  on t h e  s o l u t i o n ,  i n s t e a d  o f  
a l l o w i n g  t h e  p rob lem t o  impose on u s  a  s o l u t i o n  which i s  
u n s a t i s f a c t o r y .  How d o  we a t t a i n  t h i s  d e s i r a b l e  p o s i t i o n ?  
The s t r a t e g y  t o  be employed w i l l  depend upon an e v a l u a t i o n  
o f  t h e  problem, a n  e v a l u a t i o n  which can  on ly  be performed 
a f t e r  we have  a d e q u a t e l y  d e l i m i t e d  t h e  problem i t s e l f  i n  
t e rms  o f  t h e  q u e s t i o n s  t o  be posed and t h e  s c a l e  and complexi ty  
of t h e  problem. 
The major  p r a c t i c a l  l i m i t a t i o n  i s  u s u a l l y  t ime ,  because  
t h e  a s se s smen t  w i l l  be  r e q u i r e d  by a  c e r t a i n  d a t e .  A second 
l i m i t a t i o n  i s  u s u a l l y  one o f  f a c i l i t i e s .  Do you have t h e  
n e c e s s a r y  computing f a c i l i t i e s ,  and people  w i th  t h e  n e c e s s a r y  
e x p e r t i s e  t o  p r e p a r e  t h e  programs? These p u r e l y  a d m i n i s t r a t i v e  
c o n s t r a i n t s  may d e c i d e  n o t  merely whether  o r  n o t  i t  i s  p r a c t i c a l  
t o  u s e  a  ma thema t i ca l  model b u t  a l s o  t h e  l i m i t s  of  t h e  s c a l e  
and complexi ty  o f  t h e  model. Leaving t h e  l a t t e r  a s i d e ,  we 
w i l l  f o c u s  ou r  a t t e n t i o n  on t h e  t e c h n i c a l  problems.  
V.  . What Do I Do? 
A .  D e l i m i t a t i o n  o f  t h e  Problem 
C l e a r l y ,  problems of  env i ronmen ta l  impact  a s se s smen t  w i l l  
be i n t e r d i s c i p l i n a r y ,  impinging  on a lmos t  e v e r y  f a c e t  of human 
i n t e r e s t .  However; ou r  s t r a t e g y  w i l l  s t a r t  by imposing some 
s p e c i f i c  l i m i t s  t o  t h e  real u n i v e r s e  su r round ing  t h e  problem. 
Answers t o  t h e  f o l l o w i n g  f o u r  t y p e s  of  q u e s t i o n s  w i l l  h e l p  u s  
t o  r educe  t h e  problem t o  t h e  p r i n c i p a l  d imens ions  o f  i n t e r e s t  
t o  o u r  s t r a t e g y :  
1. What c l a s s e s  o f  o u t p u t  w i l l  we need t o  make 
d e c i s i o n s ?  
From t h e  whole h o s t  o f  v a r i a b l e s  i n v o l v e d  i n  t h e  
problem, only a ' f r a c t i o n  of  them ' ( o r  a  c e r t a i n  combinat ion 
of them) w i l l  be r e l e v a n t  t o  t h e  f i n a l  d e c i s i o n .  We s e e  
he re  a  f i r s t  s t e p  i n  a  weight ing  p rocess  which w i l l  a l s o  be 
performed a t  o t h e r  l e v e l s .  Only t h e  group of people  involved  
i n  t h e  d e c i s i o n  making p r o c e s s  w i l l  be i n  a  p o s i t i o n  t o  s e l e c t  
t h e  v a r i a b l e s  r e l e v a n t  t o  t h e  d e c i s i o n ;  t h e  consequences o f  
t h i s  s e l e c t i o n  have wide r e p e r c u s s i o n s  on t h e  o p e r a t i o n a l  
a s p e c t s  of t h e  envi ronmenta l  impact assessment .  
2 .  What a r e  t h e  geograph ica l  l i m i t s  t o  t h e  problems? 
Although human technology has proved t o  be capab le  
of producing  e f f e c t s  a t  t h e  g l o b a l  s c a l e ,  w i th  few e x c e p t i o n s  
we w i l l  be a b l e  t o  p l a c e  geograph ica l  l i m i t s  on t h e  s i z e  o f  
t h e  problem. Again, t h i s  i s  an a r b i t r a r y  l i m i t a t i o n  which 
u s u a l l y  r e f l e c t s  t h e  i n t e r e s t s  involved ,  and he lps  t o  i n d i -  
c a t e  t h e  d e s i r e d  s t r a t e g y .  I n  c o n s i d e r a t i o n  o f  t h e  e f f e c t  of  
envi ronmenta l  changes on t h e  f i s h i n g  i n d u s t r y ,  f o r  example, 
g l o b a l  e f f e c t s  such a s  i n t e r n a t i o n a l  p r i c e  i n c r e a s e s  of  
cheap p r o t e i n  due t o  f i s h  s t o c k  d e p l e t i o n  cou ld  be i n c l u d e d  
i n  t h e  a n a l y s i s  i f  d e s i r e d ;  o r  t h e s e  i n t e r n a t i o n a l  a s p e c t s  
could be ignored  and t h e  problem reduced t o  a  r e g i o n a l  o r  
n a t i o n a l  geograph ica l  s c a l e .  
By r e s t r i c t i n g  t h e  problem t o  t o o  sma l l  an a r e a ,  
impor t an t  f a c t o r s  may be ignored ;  by t r y i n g  t o  t a k e  i n  every-  
t h i n g ,  t h e  problem may become unmanageable. The p r e l i m i n a r y  
a n a l y s i s  may i n d i c a t e ,  however, t h a t  c e r t a i n  a s p e c t s  can be 
o m i t t e d .  The f a i l u r e  of t h e  anchovy f i s h e r y  i n  Peru was 
caused  by a  combina t ion  of  abnormal wa te r  movements and very 
heavy f i s h i n g .  The abnormal envi ronmenta l  c o n d i t i o n s  o f f  
Peru appea r  t o  be p a r t  o f  g e n e r a l  changes i n  t: c c i r c u l a t i o n  
o f  w a t e r  i n  t h e  P a c i f i c ,  which themselves  depend on f l u c t u -  
a t i o n s  i n  very l a r g e - s c a l e  a tmosphe r i c  d i s t r i b u t i o n s .  Is i t  
n e c e s s a r y  t o  i n c l u d e  a l l  t h e s e  f a c t o r s  i n  an env i ronmen ta l  
impact a s se s smen t  model? The answer i s  "no." The model 
r e q u i r e s  i n f o r m a t i o n  o n l y  on how o f t e n  t h i s  a d v e r s e  c o n d i t i o n  
i s  l i k e l y  t o  o c c u r  and what e f f e c t  i t  has  on s u r v i v a l  o f  
young f i s h  spawned by t h e  a d u l t s  i n  t h e  s t o c k .  
It i s  i m p o r t a n t  t o  d i s  t i n g i . i s h  between an  environment  a 1  
impact  a s se s smen t  model and t h e  model t h a t  would b e  r e q u i r e d  
f o r  a  g e n e r a l  r e s e a r c h  program. I n  t h e  long  run ,  an under -  
s t a n d i n g  of  t h e  env i ronmen ta l  changes  o f f  t h e  Pe ruv ian  c o a s t  
can  improve n o t  o n l y  ou r  knowledge of t h e  b a s i c  f a c t o r s  con- 
t r o l l i n g  t h e  f i s h  p o p u l a t i o n ,  bu t  a l s o  i n d i c a t e  how c e r t a i n  
t y p e s  of  env i ronmen ta l  f l u c t u a t i o n s  would a f f e c t  o t h e r  s t o c k s ,  
a s  y e t  u n e x p l o i t e d ,  i n  q u i t e  d i f f e r e n t  p a r t s  o f  t h e  world.  
Exc luding  t h e s e  t y p e s  of  s t u d y  from an impact  a s se s smen t  model 
i s  n o t  deny ing  t h e  long-term need f o r  r e s e a r c h  on t h e s e  f a c t o r s .  
3 .  What a r e  t h e  time h o r i z o n s  o f  t h e  impac t ?  
The assessment  of a  g iven  environment  a 1  impact  
ha s  t o  be per formed i n  r e l a t i o n  t o  a  g i v e n  p e r i o d  o f  t ime .  
Once more, t h e r e  is no  s imp le  way t o  d e f i n e  t h i s  d imens ion ,  
and t h e  d e c i s i o n  w i l l  depend on t h e  many s p e c i f i c  f a c t o r s  
s u r r o u n d i n g  a  g i v e n  problem. N e v e r t h e l e s s ,  a t  l e a s t  a  word 
of  c a u t i o n  i s  d e s i r a b l e .  F r e q u e n t l y ,  t h e  e v e n t s  i n v o l v e d  i n  
env i ronmen ta l  impac ts  a r e  c h a r a c t e r i z e d  by n o n - l i n e a r  p ro -  
c e s s e s ,  o r  by l a g s  and d e l a y s  between cause  and e f f e c t ,  s o  
t h a t  consequences which a r e  n e g l i g i b l e  i n  one p e r i o d  o f  t i m e  
may become i m p o r t a n t  i f  t h a t  p e r i o d  i s  ex tended .  
4 .  What a r e  t h e  subsys tems  a f f e c t e d  by t h e  model? 
The p r e v i o u s  s e c t i o n s  have shown some o f  t h e  
problems o f  s e t t i n g  bounda r i e s  of t i m e  and s p a c e  t o  t h e  model.  
The r e s u l t ,  i n  t e c h n i c a l  t e rms ,  w i l l  be a  l i s t i n g  of  e l emen t s  
and o f  t h e  l i n k s  between them, e i t h e r  a s  a  t a b l e  o r  a  f low 
c h a r t .  The number o f  e l emen t s  may be r e l a t i v e l y  s m a l l  o r  
very l a r g e .  The l i n k s  may a l s o  be l a r g e  i n  number and each  
l i n k  o f  a  r e l a t i v e l y  s i m p l e  k i n d ,  o r  t h e r e  may be complex 
i n t e r a c t i o n s  a t  many p o i n t s .  The n e x t  s t a g e  i n  t h e  d e l i m i t a t i o n  
o f  t h e  problem i s  t o  s e e  i f  t h i s  mass o f  e l emen t s  and l i n k s  
needs  t o  be ,  o r  can  b e ,  c o n s i d e r e d  a s  a  group o f  subsys tems .  
How can  subsys tems  be  i d e n t i f i e d ?  Are t h e r e ,  i n  t h e  t a b l e  
o r  f low c h a r t  r e p r e s e n t a t i o n  o f  t h e  problem, s m a l l e r  a r e a s  
which,  a l t h o u g h  h i g h l y  i n t e r c o n n e c t e d  i n t e r n a l l y ,  have r e l a -  
t i v e l y  few l i n k s  w i t h  o t h e r  p a r t s  o f  t h e  sys tem? If s o ,  we 
may r e g a r d  such  a r e a s  a s  v a l i d  subsys tems .  They may be 
g e o g r a p h i c a l  o r  s t r u c t u r a l ,  r e p r e s e n t i n g  groups  o f  p e o p l e ,  
o rganisms ,  o r  a c t i v i t i e s .  This  decompos i t i on  o f  t h e  problem 
i n t o  subsys tems  i s  u s e f u l ,  n o t  on ly  f o r  t h e  s t r a t e g i c  a n a l y s i s  
o f  t h e  problem, b u t  a l s o  f o r  t h e  management o f  t h e  a s se s smen t ,  
a s  i t  w i l l  p a r t i a l l y  s e p a r a t e  t h o s e  i n v o l v e d  i n t o  groups 
main ly  concerned  w i t h  p a r t i c u l a r  a s p e c t s  o f  t h e  problem. 
B. S t r a t e g i c  Eva lua t ion  o f  t h e  Problem 
For  any major  development ,  t h e r e  i s  always a  s e t  o f  
p o s s i b l e  a l t e r n a t i v e s .  The i n i t i a l  g e n e r a t i o n  of  t h e s e  
a l t e r n a t i v e s  i s  a  c r u c i a l  s t e p ,  because i t  p r o v i d e s  t h e  
frame o f  r e f e r e n c e  which w i l l  l a r g e l y  d e t e r m i n e  t h e  k ind  o f  
i n f o r m a t i o n  you w i l l  need,  a s  w e l l  a s  t h e  t ype  and u s e f u l n e s s  
o f  t h e  model t o  be c o n s t r u c t e d ,  and t h e  u n i v e r s e  o f  more 
d e t a i l e d  a l t e r n a t i v e  o p t i o n s  which w i l l  need  t o  be a s s e s s e d .  
The development may n o t  even be f e a s i b l e  a s  o r i g i n a l l y  pro-  
posed ,  b u t  may be  f e a s i b l e  o r  more u s e f u l  when c o n s i d e r e d  i n  
some a l t e r n a t i v e  form. 
The i n i t i a l  g e n e r a t i o n  of  a l t e r n a t i v e s  may be g r e a t l y  
h e l p e d  by some r u l e s  f o r  p r o v i d i n g  a  s y s t e m a t i c  frame o f  
r e f e r e n c e .  While it  would be i m p o s s i b l e ,  and o f t e n  o f  n o  
v a l u e ,  t o  p r e s e n t  a  complete  l i s t  o f  a l t e r n a t i v e s  f o r  many 
p r o j e c t s ,  a  f e w  g u i d e l i n e s  may h e l p  t h e  s e a r c h  f o r  a l t e r n a t i v e s .  
U s u a l l y ,  t h e  most obvious  p r o p o s a l  f o r  a  development i n  
a  p a r t i c u l a r  r e g i o n  i s  t h e  one which i s  e x p e c t e d  t o  produce  
t h e  maximum b e n e f i t  (economic, s o c i a l ,  e t c . )  assuming n o t h i n g  
goes wrong. However, i t  i s  i m p o r t a n t  t o  l ook  f o r  a l t e r n a t i v e s  
which w i l l  imply a  minimal c o s t  i f  t h i n g s  d o  go wrong. I n  
a d d i t i o n ,  one may look  f o r  a l t e r n a t i v e s  w i t h  a  h igh  p r o b a b i l i t y  
of  b e i n g  s u c c e s s f u l  (low p r o b a b i l i t y  o f  f a i l u r e ) ,  even i f  t h e  
p o t e n t i a l  b e n e f i t s  a r e  n o t  very  h i g h .  
We may somet imes s u p p o s e  t h a t  a l l  o f  t h e s e  c o n s i d e r a t i o n s  
have  been  t a k e n  i n t o  a c c o u n t  i n  t h e  o r i g i n a l  p r o p o s a l  b u t  i t  
i s  a d v i s a b l e  t o  s e p a r a t e  them e x p l i c i t l y .  F o r  i n s t a n c e ,  i n  
a w a t e r  r e s o u r c e s  deve lopment  f o r  a  p a r t i c u l a r  r e g i o n ,  t h e  
f i r s t  p r o p o s a l  may be t o  b u i l d  a  l a r g e  dam a c r o s s  t h e  r i v e r ,  
t a k i n g  a d v a n t a g e  o f  t h e  e f f i c i e n c y  o f  c e n t r a l i z a t i o n  and o f  
t h e  b e n e f i t s  o f  economy o f  s c a l e .  T h i s  i s  t h e  "maximum 
b e n e f i t 1 '  a p p r o a c h .    ow ever, t h e  consequences  o f  a  f a i l u r e  
o f  t h e  a s s u m p t i o n s  i n  t h e  c o n s t r u c t i o n  o f  t h e  dam, o r  i n  
t h e  e n v i r o n m e n t a l  impact  a s s e s s m e n t ,  might  w e l l  be d i s a s t r o u s .  
We m i g h t ,  t h e r e f o r e ,  a s  a n  a l t e r n a t i v e ,  c o n s i d e r  t h e  c o n s t r u c t i u r ,  
o f  a series of small dams a c r o s s  t h e  w a t e r  c o u r s e s ,  s o  t h a t  
t h e  o v e r s p i l l  o f  a  few dams w i l l  n o t  a f f e c t  t h e  whole r e g i o n ,  
and  some of t h e  dams c o u l d  e v e n  b e  m o d i f i e d  i f  u n s u s p e c t e d  
e n v i r o n m e n t a l  c o n s e q u e n c e s  become e v i d e n t .  The a l t e r n a t i v e  
may w e l l  be l e s s  e f f i c i e n t ,  from a t r a d i t i o n a l  p o i n t  o f  v iew,  
b u t  s a f e r  t h a n  b u i l d i n g  a b i g  dam, and  migh t  be r e g a r d e d  a s  
t h e  "minimal  c o s t  o f  f a i l u r e "  a p p r o a c h .  F i n a l l y ,  we m i g h t  
p r o p o s e  t h e  c o n s t r u c t i o n  o f  medium-sized dams i n  a p l a n n e d  
s e q u e n c e ,  m o d i f y i n g  t h e  p r o j e c t  whenever  u n e x p e c t e d  e f f e c t s  
a r e  d e t e c t e d .  T h i s  would b e  t h e  "maximum p r o b a b i l i t y  o f  
s u c c e s s "  a p p r o a c h ,  and ,  w h i l e  i t  may be  l e s s  e f f i c i e n t  t h a n  
t h e  f i r s t  a l t e r n a t i v e ,  w i l l  e n t a i l  l e s s  r i s k .  
The above t h r e e  v i e w p o i n t s  (i. e .  t h e  maximum b e n e f i t ,  
t h e  minimum c o s t  o f  f a i l u r e ,  and  t h e  maximum p r o b a b i l i t y  o f  
s u c c e s s ) ,  c a n  be  d i s t i n g u i s h e d  a t  e a c h  m a j o r  s t e p  o f  a 
d e v e l o p m e n t ,  and  t h e  f e a s i b l e  compounded a l t e r n a t i v e s  l i s t e d  
as t h e  c h a i n s  i n  a  b r a n c h i n g  p r o c e s s .  
V I .  What Do I Ask My S t a f f  t o  Do? 
Now t h a t  you h a v e  c o n s t r u c t e d  a s t r a t e g i c  b o u n d i n g  and 
e v a l u a t i o n  o f  t h e  p r o b l e m ,  t h e  f i r s t  and o b v i o u s  e s s e n t i a l  
i s  t o  g a t h e r  t o g e t h e r  a l l  t h e  a v a i l a b l e  i n f o r m a t i o n  and t o  
i d e n t i f y  t h e  p e o p l e  who can  c o n t r i b u t e  t o  t h e  m o d e l - - u s u a l l y  
s p e c i a l i s t s  o f  v a r i o u s  k i n d s ,  i n c l u d i n g  s y s t e m s  a n a l y s t s  and 
compute r  programmers .  Some o f  t h e s e  p e o p l e  w i l l  be c o n s u l -  
t a n t s ,  b r o u g h t  i n  t o  h e l p  y o u r  own s t a f f ,  and some o f  them 
mus t  h a v e  a b r o a d  p o l i c y  view o f  t h e  p rob lem.  What d o  you  
a s k  them t o  do? T h e r e  a r e  s e v e r a l  s p e c i f i c  g u i d e l i n e s  which 
may b e  u s e f u l .  
A .  I n i t i a l  V a r i a b l e  I d e n t i f i c a t i o n  and O r g a n i z a t i o n  
Hav ing  c a r e f u l l y  i d e n t i f i e d  t h e  p r o b l e m ,  w i t h i n  t h e  
s t r a t e g i c  f ramework d e v e l o p e d  a b o v e ,  and l i s t e d  t h e  e s s e n t i a l  
v a r i a b l e s ,  t h e  f o l l o w i n g  s t e p s  w i l l  be n e c e s s a r y .  
1. O r g a n i z e  t h e s e  v a r i a b l e s  i n t o  c l a s s e s  i d e n t i f i e d  
by t h e i r  common e f f e c t  o r  s o u r c e .  
2 .  S p e c i f y  h y p o t h e s e s  c o n c e r n i n g  t h e  r e s p o n s e  o f  
e a c h  c l a s s  of v a r i a b l e  and d e m o n s t r a t e  t h e s e  
r e s p o n s e s  g r a p h i c a l l y .  Some t h o u g h t  s h o u l d  b e  
g i v e n  t o  t h e  form o f  t h e  i n d e p e n d e n t  and d e p e n d e n t  
v a r i a b l e s  i n  o r d e r  t o  f a c i l i t a t e  i n t e r f a c i n g  w i t h  
t h e  r e s t  o f  t h e  model. 
3 .  I d e n t i f y ,  f o r  e a c h  r e s p o n s e ,  a l l  r e a s o n a b l e  
a l t e r n a t i v e  h y p o t h e s e s  and make rough e s t i m a t e s  
o f  t h e  maxima, minima, and  t h r e s h o l d s .  P r e s e r v e  
t h e s e  a l t e r n a t i v e  h y p o t h e s e s  f o r  s u b s e q u e n t  
s e n s i t i v i t y  t e s t s  i n  s i m u l a t i o n .  
B. A s s i g n i n g  Degrees  o f  P r e c i s i o n  
When a prob lem can be d i v i d e d  i n t o  s u b s y s t e m s ,  it i s  
i m p o r t a n t  t o  have  a p p r o x i m a t e l y  t h e  same d e g r e e  o f  p r e c i s i o n  
r e c o g n i z e d  between s u b s y s t e m s .  The b e s t  way t o  do t h i s  is  
t o  make a n  i n i t i a l  s t a t e m e n t  o f  t h e  p r e c i s i o n  r e q u i r e d  f o r  
e a c h  s u b s y s t e m ,  i d e n t i f y i n g  i n p u t s ,  model d e t a i l ,  a n d  o u t p u t s .  
The c h o i c e  o f  t h e  a p p r o p r i a t e  l e v e l  o f  p r e c i s i o n  s h o u l d  b e  a 
j o i n t  e f f o r t  by you and y o u r  s t a f f  and be  b a s e d  on t h e  k i n d  o f  
q u e s t i o n s  you want answered ,  t h e  t i m e  a v a i l a b l e  f o r  t h e  s t u d y ,  
and q u a l i t y  o f  t h e  d a t a .  
C .  C o n s t r u c t i o n  o f  A Flow Diagram 
There  i s  a wide c h o i c e  o f  t h e  c o n v e n t i o n s  t o  be  u s e d  
i n  d r a w i n g  f l o w  d i a g r a m s ,  drawn from c o n t r o l  s y s t e m  t h e o r y ,  
c y b e r n e t i c s  , and  i n f o r m a t i o n  t h e o r y .  The b e s t  c o n v e n t i o n s  
seem t o  be  t h e  s i m p l e s t ,  i n  which one symbol d e s i g n a t e s  an 
i n p u t  o r  o u t p u t ,  a n o t h e r  a n  i n t e r v e n t i o n ,  and  a t h i r d ,  a 
p r o c e s s .  These  s t a n d a r d  symbols  a r e  used  t h r o u g h o u t  i n  
d e s c r i b i n g  b o t h  t h e  model and i t s  c o n s t i t u e n t  submode ls .  
D . I n t e r a c t i o n  Tab le  
If s e p a r a t e  s u b s y s t e m s  a r e  a n a l y z e d  i n d e p e n d e n t l y  by 
s u b g r o u p s  o f  y o u r  s t a f f ,  one o f  t h e  most d i f f i c u l t  t a s k s  is  
t o  e n s u r e  e f f e c t i v e  i n t e r f a c i n g  between t h e  submode ls .  The 
d e v i c e  t h a t  seems t o  work b e s t  i s  a n  i n t e r a c t i o n  m a t r i x  o r  
t a b l e ,  d e s i g n e d  t o  b e  u s e d  a f t e r  e a c h  s u b g r o u p  h a s  d e v e l o p e d  
a  f a i r l y  c l e a r  u n d e r s t a n d i n g  of t h e  g e n e r a l  form o f  t h e i r  
submodel ,  t h e  i n p u t s  t h e y  e x p e c t  t o  r e c e i v e ,  and t h e  o u t p u t s  
t h e y  e x p e c t  t o  g e n e r a t e .  The m a t r i x  i d e n t i f i e s  t h e  i n p u t s  
e a c h  s u b s y s t e m  e x p e c t s  t o  r e c e i v e ,  and  a f t e r  t h e  t a b l e  h a s  
been  drawn up ,  e a c h  group i s  t h e n  a s k e d  t o  s e e  i f  t h e  o u t p u t  
e x p e c t e d  o f  them as i n p u t  t o  a n o t h e r  s u b s y s t e m  is  t h e  k i n d  o f  
o u t p u t  t h e y  i n t e n d  t o  p roduce .  Very o f t e n  i t  i s  n o t ,  and 
r e s o ' l u t i o n  p r o c e e d s  i n  a s e r i e s  o f  s t e p s  u n t i l  a c o n s i s t e n t  
t a b l e  o f  i n t e r a c t  i o n s  be tween v a r i a b l e s  i s  a v a i l a b l e .  
By t h i s  t i m e ,  a l l  t h e  n e c e s s a r y  s t e p s  h a v e  b e e n  t a k e n  t o  
p e r m i t  t h e  s t a r t  o f  t h e  a c t u a l  m o d e l l i n g .  Your s t a f f  h a s  
l a r g e l y  been  r e s p o n s i b l e  f o r  g e n e r a t i n g  t h e  i n t e r a c t i o n  t a b l e  
which shows e x a c t l y  which v a r i a b l e s  a r e  a f f e c t e d  by p o s s i b l e  
changes  i n  e a c h  o f  t h e  v a r i a b l e s .  Moreover ,  i t  s h o u l d  b e  
p o s s i b l e  t o  s u g g e s t  t h e  d i r e c t i o n  o f  t h e  i n f l u e n c e .  F o r  
example ,  i f  n u t r i e n t s  i n  a r e s e r v o i r  i n c r e a s e ,  t h e y  w i l l  have  
a s t i m u l a t i n g  e f f e c t  o n  some v a r i a b l e s  and a p o s s i b l e  i n h i b i t i n g  
e f f e c t  on o t h e r s .  A f u r t h e r  l e v e l  o f  q u a l i t a t i v e  i n f o r m a t i o n  
might  i n d i c a t e  d i f f e r e n t  r a n g e s  o v e r  which t h e  e f f e c t  m i g h t  
b e  z e r o ,  p l u s ,  o r  minus .  F i n a l l y ,  enough i n s i g h t  migh t  have  
been g a i n e d  by t h i s  t i m e  t o  w e i g h t ,  s u b j e c t i v e l y ,  t h e  
i n t e n s i t y ,  o f  t h e  c r o s s - v a r i a b l e  e f f e c t s .  
The above s e q u e n c e  o f  s t e p s  can be d e v e l o p e d  v e r y  
q u i c k l y .  F o r  example ,  once  t h e  d a t a  f o r  t h e  James Bay s t u d y  
d e s c r i b e d  i n  t h e  Appendix were c o l l a t e d ,  t h e  g r o u p  o f  t w e n t y  
workshop p a r t i c i p a n t s  c o m p l e t e d  a l l  t h e  above s t e p s  i n  two 
d a y s .  Moreover ,  t h e  i n t e r a c t i o n  t a b l e  p r o v i d e s ,  i n  a  con- 
c e n t r a t e d  form,  a n  immense amount o f  q u a l i t a t i v e  i n f o r m a t i o n  
which i t s e l f  c o u l d  form t h e  b a s i s  f o r  a  p r e l i m i n a r y  a s s e s s -  
ment .  A l t e r n a t i v e l y ,  i f  t h e  r e s o u r c e s ,  t i m e ,  and i n f o r m a t i o n  
a r e  n o t  a v a i l a b l e  f o r  an  e x t e n s i v e  a s s e s s m e n t  and e v a l u a t i o n ,  
t h e  same t a b l e  c o u l d  be t h e  b a s i s  f o r  a  f o r m a l  e v a l u a t i o n .  
B u t ,  i f  t h i s  i s  t h e  c a s e ,  t h e  p r o c e s s  s h o u l d  now move o u t  o f  
t h e  c o n t r o l  o f  y o u r  s t a f f  i n t o  y o u r  hands ,  w i t h  s t a f f  a s s i s -  
t a n c e .  The t r i c k  now i s  t o  d e v e l o p  a  s i m p l e  p r o c e d u r e  f o r  
p o l i c y  a n a l y s i s ,  a imed a t  p r o d u c i n g  a  rough  q u a l i t a t i v e  p i c t u r e  
o f  t h e  i m p a c t  o f  e a c h  o f  t h e  a l t e r n a t i v e  development  p r o p o s a l s .  
VII. How Do I Make A Simple  P o l i c y  A n a l y s i s ?  
T h r e e  s e t s  o f  i n f o r m a t i o n  a r e  n e c e s s a r y  f o r  t h e  f i r s t  
s t e p  i n  t h e  a n a l y s i s .  Your s t a f f  w i l l  have p r o v i d e d  one  of  
t h e s e  s e t s  a s  t h e  s y s t e m s  i n f o r m a t i o n  i n  t h e  i n t e r a c t i o n  t a b l e .  
The two  r e m a i n i n g  s e t s  a r e  o b t a i n e d  a s  f o l l o w s :  
1. You must i d e n t i f y  and o r g a n i z e  t h e  key  impac t  
i n d i c a t o r s  i n  r e l a t i o n  t o  t h e  o v e r a l l  g o a l s  o f  t h e  
p r o j e c t  . 
2 .  You must s p e c i f y  t h e  s p e c i f i c  p o l i c y  o r  management 
a c t i o n s  which t o g e t h e r  d e f i n e  any one p l a n .  
A .  Deve lop ing  Impact I n d i c a t o r s  
The s t r a t e g i c  e v a l u a t i o n  s h o u l d  have i d e n t i f i e d  t h e  major  
impac t  c a t e g o r i e s  i n  r e l a t i o n  t o  t h e  o r i g i n a l  g o a l  o f  t h e  
p r o j e c t  . T oge the r  t h e y  r e p r e s e n t  t h e  p o s s i b l e  s o c i a l ,  economic ,  
p h y s i c a l ,  and e c o l o g i c a l  consequences  o f  t h e  p r o j e c t .  But 
t h e s e  c l a s s e s  a r e  very b road  and t hey  must be d i s a g g r e g a t e d  
i n t o  v a r i a b l e s  which a r e  measurab le  and r e l e v a n t  t o  t h e  
p r o j e c t .  F o r  example ,  s o c i a l  i n d i c a t o r s  must be made s p e c i f i c  
i n  t e r m s  o f  j o b s ,  l e i s u r e  t i m e ,  o r  s imilar  v a r i a b l e s .  Having 
d e v e l o p e d  a l i s t  o f  i n d i c a t o r  v a r i a b l e s ,  i t  i s  t h e n  o f t e n  
n e c e s s a r y  t o  e x p r e s s  them i n  t h e  forms most r e l e v a n t  t o  t h e  
d e c i s i o n .  For  example ,  it might  be more u s e f u l  t o  e x p r e s s  
" j o b s "  n o t  i n  a b s o l u t e  t e r m s ,  b u t  a s  a r a t e  o f  change ,  o r  as 
" j o b s  p e r  c a p i t a , "  o r  a s  " d i v e r s i t y  o f  job o p p o r t u n i t y . ' '  . 
By t h i s  t i m e ,  t h e  l i s t  i s  d e f i n e d  as t h e  impac t  i n d i c a t o r s - -  
measu rab l e  v a r i a b l e s  which have  p o l i c y  r e l e v a n c e .  But you a r e  
s t i l l  u n c e r t a i n ,  b e c a u s e  o f  t h e  l a r g e  a r e a s  o f  unknowns, as t o  
whe the r  you can r e l y  on t h i s  s e t .  The re  a r e  u n c e r t a i n t i e s  and 
unknowns i n  a l l  t h e  s t e p s  d e s c r i b e d  s o  f a r .  Some o f  t h e  more 
c r i t i c a l  u n c e r t a i n t i e s  can be i l l u m i n a t e d ,  as d e s c r i b e d  l a t e r ,  
i f  you p r o c e e d  t o  t h e  m o d e l l i n g  s t a g e .  Bu t ,  even  t h e n ,  a  
hedge a g a i n s t  u n c e r t a i n t y  can  be p r o v i d e d  by add ing  a n o t h e r  
d imens ion  t o  t h e  e x i s t i n g  impac t  i n d i c a t o r s - - a  d imens ion  
which i s  des igned  t o  keep one l a e r t  t o  t h e  p o s s i b l e  f o r e -  
c l o s i n g  of f u t u r e  o p t i o n s  a f t e r  t h e  p r o j e c t  i s  implemented. 
A s  an example, c o n s i d e r  t h e  l i s t  o f  impact i n d i c a t o r s  
p r e v i o u s l y  d e s c r i b e d .  One way t o  d e s i g n  p roposa l s  t h a t  main- 
t a i n  o p t i o n s  and t h a t  a l low f o r  t h e  p lan  i t s e l f  t o  absorb  t h e  
unexpected i s  t o  i n c l u d e  a  c a p a c i t y  f o r  c o n s i d e r i n g  t h e  r e s i l -  
i e n t  a s p e c t s  of  each a l t e r n a t i v e  p r o j e c t  i n  t h e  model. R e s i l -  
i e n c e ,  i n  t h i s  s e n s e ,  de termines  t h e  degree  of  p e r s i s t e n c e  o f  
t h e  r e l a t i o n s h i p s  w i t h i n  a  system i n  r e l a t i o n  t o  t h e  f requency 
and i n t e n s i t y  of  d i s t u r b a n c e .  A review o f  r e s i l i e n c e  and 
s t a b i l i t y  o f  e c o l o g i c a l  systems i s  found i n  H o l l i n g  [2 ] .  
B . Developing Po l i cy  and Management Actions 
In any one development , t h e r e  a r e  s e v e r a l  i n t e r n a l  
o p t i o n s  f o r  a c t i o n  d u r i n g  t h e  c o n s t r u c t i o n  and pos t - cons t ruc -  
t i o n  phases.  Some r e l a t e  d i r e c t l y  t o  t h e  p r o j e c t  i t s e l f  and 
some a r e  i n d i r e c t  a c t i o n s .  I n  t h e  James Bay example ( s e e  
Appendix) ,  t h e r e  were t h r e e  s e t s  o f  a c t i o n s :  t hose  d i r e c t l y  
concern ing  power p roduc t ion  ( e . g .  s chedu le  o f  dam c o n s t r u c t i o n ,  
c h a r a c t e r  o f  wa te r  d i v e r s i o n  and w a t e r  flow c o n t r o l s ) ,  t h o s e  
concern ing  envi ronmenta l  q u a l i t y  ( e . g .  s i l t  c o n t r o l ,  t r e e  
c l e a r a n c e  i n  r e s e r v o i r s ,  sewage t r e a t m e n t ) ,  and those  
a f f e c t i n g  demand ( e .  g .  r e c r e a t i o n a l  c o n t r o l s ,  job  a l l o c a t i o n  
between i n s i d e r s  and o u t s i d e r s ,  road  a c c e s s ) .  The e s s e n t i a l  
f e a t u r e  i s  t h a t  c l a s s e s  of  p o l i c y  and management a c t i o n  must 
be decomposed i n t o  s p e c i f i c ,  d e f i n a b l e  a c t i o n s .  
Thi s  p r o c e s s  i s  i d e n t i c a l  t o  t h e  e f f o r t  y o u r  s t a f f  made 
t o  decompose t h e  env i ronmen ta l  sys tem i n t o  t h e  sys tem 
v a r i a b l e s ,  and i t  i s  i d e n t i c a l  t o  t h e  e f f o r t  you performed 
t o  decompose p r o j e c t  g o a l s  i n t o  impact i n d i c a t o r s .  
C.  P u t t i n g  t h e  P i e c e s  Together  
You now have t h e  t h r e e  e l emen t s  n e c e s s a r y  t o  deve lop  t h e  
f i r s t  rough a s se s smen t :  t h e  sys tem v a r i a b l e  i n t e r a c t i o n  
t a b l e ,  t h e  l i s t  o f  impact  i n d i c a t o r s ,  and t h e  l i s t  o f  p o l i c y  
a c t i o n s .  Your g o a l  i s  t o  deve lop  a  t a b l e  o f  a c t i o n  vs .  impac t  
v a r i a b l e s  and i t  i s  t h e  t a b l e  showing t h e  i n t e r a c t i o n  between 
sys tem v a r i a b l e s  which a l l ows  you t o  per form t h i s  t r i c k .  
B r i e f l y ,  t h e  f i r s t  s t e p  i s  t o  deve lop  two i n t e r m e d i a t e  
t a b l e s .  The f i r s t  i s  des igned  t o  show how e a c h  a c t i o n  i s  
l i k e l y  t o  a f f e c t  each  sys tem v a r i a b l e  (Box 11, F i g .  2 ) .  The 
second shows how each  sys tem v a r i a b l e  i s  r e l a t e d  t o  each  
impact  v a r i a b l e  (Box 111, F i g .  2 ) .  These two t a b l e s ,  combined 
wi th  t h e  i n t e r a c t i o n  t a b l e  (Box I ,  Fig .  2 )  t hen  a l l ow  you t o  
form an a c t i o n  vs .  impact  t a b l e  (Box I V ,  F i g .  2 ) .  
With t a b l e s  o f  t h i s  k ind  f o r  e a c h  o f  t h e  a l t e r n a t i v e  
p l a n s ,  i t  s h o u l d  t hen  be  f e a s i b l e  t o  r e j e c t  t h e  most ex t reme 
and l e a v e  a  s m a l l e r  s e t  f o r  f i n a l  d i s c u s s i o n  and d e c i s i o n  by 
o t h e r  l i n k s  i n  t h e  d e c i s i o n  p r o c e s s .  It i s  an u n d e r s t a n d a b l e  
d e s i r e  and u l t i m a t e  n e c e s s i t y  t o  have a  s i n g l e  number which 
can be  used  t o  e v a l u a t e  a l t e r n a t i v e  p r o j e c t s ,  b u t  t h i s  i s  
p a r t  o f  t h e  d e c i s i o n  p r o c e s s  a t  h i g h e r  l e v e l s .  To d o  i t  now 
i s  t o  s u b v e r t  t h e  p o l i t i c a l  p r o c e s s  t o  a  t e c h n i q u e  w i t h  
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Figure 2 .  Relationships between tables of system, 
action, and impact variables. 
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Now t h a t  t h e  p rob lem h a s  been  d e f i n e d  i n  t e r m s  o f  i t s  
b o u n d a r i e s ,  i t s  s u b s y s t e m s ,  i t s  p o s s i b l e  v a r i a b l e s ,  and t h e i r  
c o u p l i n g s ,  we a r e  r e a d y  t o  b e g i n  t h e  m o d e l l i n g  p r o c e s s  i t s e l f ,  
a s suming  t h a t  we have  d e c i d e d  t o  p r o c e e d  beyond t h e  s t a g e  o f  
t h e  s i m p l e  p o l i c y  a n a l y s i s .  It i s  a t  t h i s  p o i n t  t h a t  t h e  
e x p e r t i s e  o f  t h e  m a t h e m a t i c i a n ,  a l r e a d y  u s e d  as a c o n s u l t a n t  
i n  t h e  s t r a t e g i c  and t a c t i c a l  d e f i n i t i o n  o f  t h e  p r o b l e m ,  
becomes paramount ,  and some u n d e r s t a n d i n g  o f  h i s  r o l e  i s  
n e c e s s a r y  if you a r e  t o  r e t a i n  t h e  n e c e s s a r y  c o n t r o l  o f  t h e  
i m p a c t  a s s e s s m e n t .  
The m a t h e m a t i c i a n  I s  e x p e r t i s e  w i l l  f i r s t  b e  e x e r c i s e d  
i n  t h e  c h o i c e  o f  t h e  kind o f  model  t o  be  u s e d .  I n  t h i s ,  h e  
w i l l  b e  g u i d e d  by t h e  s i z e  o f  t h e  p rob lem,  t h e  n a t u r e  o f  
t h e  v a r i o u s  c l a s s e s  o f  v a r i a b l e s ,  and  by t h e  d e g r e e s  o f  
u n c e r t a i n t y  p r e s e n t  i n  t h e  r e l a t i o n s h i p s  be tween them. H i s  
c h o i c e  w i l l  be i n f l u e n c e d  by h i s  knowledge o f  t h e  v a r i o u s  
" f a m i l i e s "  o f  m o d e l s  which a l r e a d y  e x i s t  and which have 
p r e v i o u s l y  been  a p p l i e d  t o  s i m i l a r  p r o b l e m s ,  i n  much t h e  
same way t h a t  a f i e l d  n a t u r a l i s t  i s  g u i d e d  by h i s  knowledge 
o f  t h e  n a t u r a l  families o f  p l a n t s  i n  h i s  i d e n t i f i c a t i o n  o f  
a n  u n f a m i l i a r  f l o w e r .  
B r o a d l y ,  h i s  c h o i c e  w i l l  l i e  between t h e  f o l l o w i n g  
c l a s s e s  o f  mode ls :  
a )  D e t e r m i n i s t i c  and  p r o b a b i l i s t i c  models .  I n  t h e  
f o r m e r ,  a l l  t h e  r e l a t i o n s h i p s  a r e  assumed t o  be  d e f i n e d  
by m a t h e m a t i c a l  f u n c t i o n s .  I n  t h e  l a t t e r ,  some, o r  a l l ,  o f  
t h e  r e l a t i o n s h i p s  can o n l y  be d e f i n e d  i n  t e r m s  o f  s t a t i s t i c a l  
p r o b a b i l i t i e s .  
b )  L i n e a r  and n o n - l i n e a r  mode l s .  Al though  i t  may be 
c o n v e n i e n t  t o  assume t h a t  r e l a t i o n s h i p s  be tween  v a r i a b l e s  
a r e  l i n e a r ,  most p r a c t i c a l  p rob lems  r e q u i r e  t h e  more complex 
a s s u m p t i o n  o f  n o n - l i n e a r i t y .  
c )  S t a t i c  and dynamic models .  S t a t i c  models  do  n o t  
i n c l u d e  t i m e  a s  a  v a r i a b l e ,  w h i l e  dynamic models  h a v e  t i m e ,  
w i t h  i t s  c h a r a c t e r i s t i c  p r o p e r t y  o f  o n l y  b e i n g  a b l e  t o  change  
i n  one d i r e c t i o n ,  a s  a  m a j o r  v a r i a b l e .  
d )  P r e d i c t i v e  and d e c i s i o n  making m o a e l s .  P r e d i c t i v e  
mode l s  e n a b l e  t h e  consequence  o f  r- :titular d e c i s i o n s  t o  be  
e x p l o r e d ,  w h i l e  d e c i s i o n  making mode l s  i n d i c a t e  t h e  d e c i s i o n s  
which  a r e  optimum i n  some d e f i n e d  way. 
Impac t  a s s e s s m e n t  mode l s  w i l l  f r e q u e n t l y  b e l o n g  t o  t h e  
most d i f f i c u l t  c l a s s  o f  dynamic ,  n o n - l i n e a r ,  p r o b a b i l i s t i c ,  
d e c i s i o n  making m o d e l s .  
The c o n s t r u c t i o n  o f  t h e  m a t h e m a t i c a l  model i s  made 
p o s s i b l e  by t h e  u s e  o f  t h e  c o m p u t e r ,  a n d ,  p a r t i c u l a r l y  by 
t h e  n e e d  t o  p rogram s u c h  c o m p u t e r s  i n  a c o m p l e t e l y  unambiguous 
way. The r e s u l t i n g  " a l g o r i t h m "  d e f i n e s  t h e  model s o  t h a t  i t s  
e s s e n t i a l  f e a t u r e s  can  be communicated t o  o t h e r  e x p e r t s ,  and 
s o  t h a t  i t  c a n  b e  t e s t e d  t o  e n s u r e  t h a t  a l l  t h e  component 
p a r t s  qf' t h e  model  o p e r a t e  c o r r e c t l y .  Once t h e  m a t h e m a t i c i a n  
h a s  a v e r s i o n  o f  t h e  model which b e g i n s  t o  s i m u l a t e  t h e  r e a l -  
world sys tem,  he w i l l  experiment  w i t h  t h e  model i n  an a t t e m p t  
t o  f i n d  p a r t i c u l a r  s e t s  o f  c o n d i t i o n s  f o r  which i t  g i v e s  
obv ious ly  u n r e a l i s t i c  r e s u l t s .  By r e f i n i n g  t h e  model a t  
t h i s  p o i n t  and s u b j e c t i n g  t h e  r e f i n e d  model t o  f u r t h e r  
a n a l y s i s ,  he can hope t o  make s u c c e s s i v e  improvements w i t h i n  
t h e  l i m i t a t i o n s  o f  t h e  boundar ies  o f  t h e  t ime / space  c o n s t r a i n t s  
o f  t h e  impact assessment .  
I n  t h e  p r o c e s s  of  t h e  con t inuous  a n a l y s i s  and r e f inemen t  
o f  t h e  model,  t h e  mathematician w i l l  seek  two e s s e n t i a l  
c r i t e r i a .  F i r s t ,  h e  w i l l  l ook  f o r  i n f o r m a t i o n  on t h e  degree  
of  change produced i n  t h e  o u t p u t  from t h e  model by changes i n  
t h e  b a s i c  pa rame te r s  o r  assumptions about  t h e  r e l a t i o n s h i p s  
between v a r i a b l e s .  He w i l l  be  c o n s t a n t l y  aware o f  a  p o s s i b l e  
l a c k  o f  p r e c i s i o n  o r  o f  a  b i a s  i n  t h e  e s t i m a t i o n  o f  p a r a -  
me te r s  and r e l a t i o n s h i p s ;  knowledge of  t h e  e f f e c t s  o f  t h e s e  
p o s s i b l e  i n a d e q u a c i e s  w i l l  h e l p  t o  d e f i n e  where f u r t h e r  work 
must be unde r t aken  if t h e  model is  t o  be improved. T h i s  t e s t i n g  
o f  t h e  " s e n s i t i v i t y "  o f  t h e  model t o  i n p u t  a s sumpt ions  i s  
kn3wn t e c h n i c a l l y  a s  a  " s e n s i t i v i t y  a n a l y s i s . "  
Second, t h e  mathemat ic ian  w i  11 s e e k  t h e  maximum s i m p l i -  
f i c a t i o n  o f  t h e  model which is c o n s i s t e n t  w i th  i t s  value  i n  
a p r e d i c t i v e  o r  d e c i s i o n  making p r o c e s s .  F r e q u e n t l y ,  i t  is 
p o s s i b l e  t o  show t h a t  p a r t s  of t h e  model which have been 
developed  t o  s a t i s f y  t h e o r e t i c a l l y  impor t an t  c o n s i d e r a t i o n s  
have r e l a t i v e l y  l i t t l e  e f f e c t  on t h e  f i n a l  outcome o f  t h e  
m o d e l l i n g  p r o c e s s .  I n  such  c a s e s ,  s i m p l i f i c a t i o n  of  t h e  
model i s  both  d e s i r a b l e  and r e a d i l y  a c h i e v a b l e .  
I X .  How Is t h e  Model V a l i d a t e d ?  
I n  t h e o r y ,  t h e  r e p e a t e d  s t a g e s  o f  a n a l y s i s  and r e f i n e -  
ment c a n  c o n t i n u e  i n d e f i n i t e l y ,  b u t ,  i n  e n v i r o n m e n t a l  i m p a c t  
a s s e s s m e n t ,  t h e y  w i l l  u s u a l l y  be b r o u g h t  t o  a  h a l t  by t h e  
n e e d  t o  p r o v i d e  r e s u l t s  w i t h i n  a  s e v e r e l y  l i m i t e d  p e r i o d .  
I n d e e d ,  t h e r e  may be  t o o  l i t t l e  t i m e  f o r  t h e  deve lopment  o f  
t h e  model which would be d e s i r a b l e  i n  a  r e s e a r c h  i n v e s t i g a t i o n .  
A t  some s t a g e ,  t h e r e f o r e ,  a n  a t t e m p t  a t  v a l i d a t i o n  o f  t h e  
model w i l l  u s u a l l y  be n e c e s s a r y .  
We s h o u l d  a d m i t ,  however ,  t h a t  v a l i d a t i o n  ( t h e  m a t c h i n g  
o f  o u r  model w i t h  r e a l i t y )  i n  e n v i r o n m e n t a l  i m p a c t  a s s e s s m e n t  
is  n o t  e a s y .  Somet imes ,  t h e  o n l y  a p p a r e n t  v a l i d a t i o n  which 
can  be a c h i e v e d  i s  t h e  m a t c h i n g  o f  f u t u r e  p e r f o r m a n c e  o f  t h e  
e n v i r o n m e n t a l  s y s t e m  w i t h  t h e  e x p e c t a t i o n  f rom t h e  model--a 
t e s t  which h a r d l y  mee t s  t h e  c r i t e r i a  o f  good s c i e n c e .  Never-  
t h e l e s s ,  some c o n f i r m a t i o n  o f  t h e  a p p r o p r i a t e n e s s  o f  o u r  
model  c a n  be o b t a i n e d .  
F i r s t ,  t h e  a n a l y s i s  which  was n e c e s s a r y  i n  t h e  r e f i n e -  
ment o f  t h e  model w i l l  h a v e  g i v e n  u s  some c o n f i d e n c e  t h a t  t h e  
b e h a v i o r  o f  t h e  m o d e l l e d  s y s t e m  i s  c o n s i s t e n t  w i t h  o u r  
e x p e c t i t i o n s .  Where i t  h a s  b e e n  p o s s i b l e  t o  d i v i d e  t h e  t o t a l  
s y s t e m  i n t o  s u b s y s t e m s ,  t h e  b e h a v i o r  o f  t h e s e  s u b s y s t e m s ,  
s i n g l y  and a g g r e g a t e ,  w i l l  h a v e  r e i n f o r c e d  o u r  knowledge o f  
t h e  dynamics  o f  t h e  s y s t e m .  I f ,  as i s  l i k e l y ,  t h e  b e h a v i o r  
o f  a n  a g g r e g a t e d  s y s t e m  r u n s  c o u n t e r  t o  o u r  i n t u i t i v e  e x p e c -  
t a t i o n s ,  we w i l l  h a v e  been  f o r c e d  t o  r e c o n s i d e r  t h e  b a s i s  o f  
o u r  "common s e n s e t '  e x p e c t a t i o n .  I n  t h i s  way, c o n f i d e n c e  i n  
t h e  v a l u e  o f  o u r  model,  as a t  l e a s t  a  work ing  a p p r o x i m a t i o n ,  
w i l l  have  been  i n c r e a s e d .  
Second,  e x p e r i m e n t a t i o n  w i t h  model sy s t ems  may i n d i c a t e  
c r i t i c a l  e x p e r i m e n t s  which would e n a b l e  a v a l i d  t e s t  of  t h e  
model t o  be c a r r i e d  o u t  as a d i r e c t  a p p e a l  t o  n a t u r e  c o n s i s -  
t e n t  w i t h  t h e  l o g i c  o f  t h e  s c i e n t i f i c  method. Such a t e s t  
may seem r e l a t i v e l y  u n l i k e l y  i n  e n v i r o n m e n t a l  impac t  a s s e s s -  
ment,  where t h e  t ime  s c a l e  f o r  t h e  a s s e s smen t  i s  l i m i t e d ,  b u t  
e x p e r i m e n t a l  e v i d e n c e  may a l r e a d y  e x i s t  which c a n  be  matched 
a g a i n s t  p r e d i c t i o n s  f rom t h e  model sys tem.  
T h i r d ,  where i t  has  been p o s s i b l e  t o  u n d e r t a k e  s u r v e y s  
t o  o b t a i n  t h e  n e c e s s a r y  d a t a  f o r  t h e  c o n s t r u c t i o n  and param- 
e t e r i z a t i o n  o f  ma thema t i ca l  mode ls ,  i t  may b e  d e s i r a b l e  t o  
ho ld  back  a c e r t a i n  p r o p o r t i o n  o f  t h e  d a t a  c o l l e c t e d  s o  t h a t  
t h e y  may be used  i n  a n  i ndependen t  t e s t  o f  t h e  h y p o t h e t i c a l  
model  d e r i v e d  f rom t h e  main d a t a  s e t .  I n  t h i s  way, t h e  l o g i c a l  
f a l l a c y  of f o r m u l a t i n g  and t e s t i n g  an  h y p o t h e s i s  on t h e  same 
set  o f  d a t a  c a n  b e  avo ided .  Whatever method i s  used  i n  a n  
a t t e m p t  t o  v a l i d a t e  t h e  model sys tem,  one o f  t h e  paramount  
a d v a n t a g e s  of m a t h e m a t i c a l  mode ls  domina t e s  t h e  a rgument  a t  
t h i s  p o i n t .  I n  c o n t r a s t  t o  a l l  o t h e r  forms o f  r e a s o n i n g ,  t h e  
m a t h e m a t i c a l  model  i s  e x p l i c i t  i n  i t s  s t a t e m e n t  of  t h e  r e l a -  
t i o n s h i p s  be tween  t h e  v a r i a b l e s  and of  t h e  a s sumpt ions  unde r -  
l y i n g  t h e  model .  If anyone d i s a g r e e s  w i t h  t h e s e  a s sumpt ions  
o r  r e l a t i o n s h i p s ,  h e  h a s  o n l y  t o  r e p l a c e  them by some e q u a l l y  
e x p l i c i t  s e t  t o  v e r i f y  t h a t  t h e  changes  make c o r r e s p o n d i n g  
changes  i n  t h e  e x p e c t a t i o n s  of t h e  env i ronmen ta l  impac t  
a s s e s s m e n t .  
X .  How Do I Use t h e  Output  from t h e  Model i n  a Complex P o l i c y  
A n a l y s i s ?  
Once a  model h a s  been s a t i s f a c t o r i l y  v a l i d a t e d ,  a  s e t  o f  
p o s s i b l e  a l t e r n a t i v e  p o l i c i e s  o r  a c t i o n s  w i l l  have been 
g e n e r a t e d .  The problem i s  now: "Which of t h e  a l t e r n a t i v e s  
d o  I choose?"  T h i s  c h o i c e  i s  a c o mpl i ca t ed  p r o c e s s ,  
i n f l u e n c e d  by f a c t o r s  t a k e n  i n t o  a c c o u n t  i n  t h e  model ,  by 
e l e m e n t s  no t  c o n s i d e r e d  i n  t h e  model ,  by v a l u e  judgments ,  e t c .  
However, it seems p o s s i b l e  t o  h e l p  t h e  s e a r c h  f o r  a  "bes t1 '  
c h o i c e  by some e v a l u a t i o n  of t h e  e l e m e n t s  needed f o r  t h e  
c h o i c e  and by e x p l i c i t l y  i n d i c a t i n g  t h e  main  d i f f e r e n c e s  
between t h e  k i n d s  of c h o i c e  a v a i l a b l e  f o r  a p a r t i c u l a r  s e t  o f  
a l t e r n a t i v e s .  
Suppose you a r e  c o n f r o n t e d  w i t h  a  s e t  ( s a y ,  A,B,C,D,E,F,) 
o f  a l t e r n a t i v e  p o l i c i e s  o f  a c t i o n ,  g e n e r a t e d  by some k i n d  o f  
model.  F o r  e ac h  o f  t h e  a l t e r n a t i v e s ,  an  e s t i m a t e  i s  f e a s i b l e  
o f  t h e  p r o b a b i l i t y  o f  b e i n g  r i g h t  o r  wrong, on some o b j e c t i v e  
b a s i s .  That i s ,  a c c o r d i n g  t o  t h e  u n c e r t a i n t i e s  i n v o l v e d  i n  
t h e  c o n s t r u c t i o n  o f  t h e  model,  t h e  l i k e l i h o o d  o f  a  c r i t i c a l  
h y p o t h e s i s  b e i n g  wrong, e t c . ,  you may a l l o c a t e  ( o r  be g i v e n )  
t h e  d e g r e e  o f  c o n f i d e n c e  t o  be p l a c e d  on t h e  s u c c e s s  o r  
f a i l u r e  o f  t h e  p o l i c y .  Fo r  e a c h  o f  t h e  a l t e r n a t i v e s ,  you may 
a l s o  have  an  a p p r e c i a t i o n  of t h e  b e n e f i t  o f  s u c c e e d i n g  o r  t h e  
c o s t  ( e c o n o m i c a l ,  s o c i a l ,  p o l i t i c a l ,  e t c . )  o f  f a i l i n g ,  and  
t h i s  a p p r e c i a t i o n  c a n  b e  g i v e n  a n u m e r i c a l  v a l u e ,  o r  a t  
l e a s t  a r a n k e d  o r d e r .  
Given  t h e  n e c e s s a r y  i n f o r m a t i o n ,  t h e r e  a r e  d i f f e r e n t  
ways o f  c h o o s i n g ,  which  c a n  b e  b e s t  i l l u s t r a t e d  by a hypo- 
t h e t i c a l  example .  Suppose  you h a v e  s i x  a l t e r n a t i v e  p o l i c i e s  
o r  a c t i o n s ,  and t h e i r  a s s o c i a t e d  p r o b a b i l i t i e s  and t h e  
c o n s e q u e n c e s  of  b e i n g  r i g h t  o r  wrong a r e :  
P r o b a b i l i t y  o f  
F a i l u r e  S u c c e s s  
A . 2  . 8  
Consequences  o f  
F a i l u r e  S u c c e s s  
-80  10 
From t h e s e  two s e t s  of v a l u e s ,  i t  i s  p o s s i b l e  t o  e s t i m a t e ,  
f o r  e a c h  a l t e r n a t i v e :  
1. The p r o b a b l e  l o s s  ( t h e  p r o b a b i l i t y  o f  f a i l i n g  
t i m e s  t h e  c o s t  o f  f a i l i n g ) ;  
2 .  The p r o b a b l e  b e n e f i t  ( t h e  f e a s i b i l i t y  of s u c c e e d i n g  
t i m e s  t h e  b e n e f i t  o f  s u c c e e d i n g ) ;  
3 .  The mos t  l i k e l y  b e n e f i t / c o s t  ( t h e  p r o b a b l e  b e n e f i t  
minus  t h e  p r o b a b l e  c o s t  ) . 
The t o t a l  i n f o r m a t i o n  migh t  b e  p r e s e n t e d  as f o l l o w s :  

Now, by u s i n g  t h i s  t a b l e ,  i t  becomes p o s s i b l e  t o  
i d e n t i f y  p o s s i b l e  c r i t e r i a  f o r  t h e  c h o i c e  o f  a l t e r n a t i v e s .  
The f i r s t  c r i t e r i o n  i s  t r i v i a l ,  and c o n s i s t s  o f  c h o o s i n g  
t h e  a l t e r n a t i v e  which h a s  t h e  g r e a t e s t  p r o b a b i l i t y  o f  s u c c e s s  
( l o w e s t  o f  f a i l u r e )  w i t h o u t  c o n s i d e r i n g  t h e  s i z e  o f  t h e  
b e n e f i t s  o r  c o s t s  a s s o c i a t e d  w i t h  s u c c e s s  o r  f a i l u r e .  Us ing  
t h i s  c r i t e r i o n ,  e i t h e r  a l t e r n a t i v e s  D ,  E,  o r  F would be 
c h o s e n  . 
A second  c r i t e r i o n  c o n s i s t s  o f  c h o o s i n g  t h e  a l t e r n a t i v e  
which would p r o v i d e  t h e  h i g h e s t  g a i n ,  i f  s u c c e s s f u l  ( a l t e r -  
n a t i v e  B ,  w i t h  a p o s s i b l e  b e n e f i t  t a k e n  as 100  i n  t h e  e x a m p l e ) .  
T h i s  c r i t e r i o n  h a s  been w i d e l y  u s e d ,  e i t h e r  e x p l i c i t l y  o r  
i m p l i c i t l y ,  somet imes w i t h  d i s a s t r o u s  c o n s e q u e n c e s .  No 
a c c o u n t  i s  t a k e n  o f  t h e  c o n s e q u e n c e s  o f  t h e  a c t i o n  b e i n g  
wrong, o f  t h e  p r o b a b i l i t y  o f  t h e  a c t i o n  b e i n g  r i g h t .  
A t h i r d  c r i t e r i o n  i s  t o  choose  t h e  a l t e r n a t i v e  which 
c o u l d  p r o d u c e  t h e  l o w e s t  c o s t  i n  c a s e  o f  f a i l u r e ,  which i s  
i n  a s e n s e ,  t h e  s a f e s t  c h o i c e .  Using t h i s  c r i t e r i o n ,  a l t e r -  
n a t i v e  C ( w i t h  a  l o s s  o f  1 5  if t h e  a l t e r n a t i v e  i s  wrong)  w i l l  
b e  s e l e c t e d .  
A f o u r t h  c r i t e r i o n  i s  t o  u s e  t h e  a l t e r n a t i v e  which  would 
p r o v i d e  t h e  h i g h e s t  p r o b a b l e  g a i n ,  which t a k e s  i n t o  a c c o u n t  
b o t h  t h e  m a g n i t u d e  o f  t h e  p o s s i b l e  b e n e f i t  and  t h e  p r o b a b i l i t y  
o f  s u c c e e d i n g .  I n  t h i s  c a s e ,  a l t e r n a t i v e  F ( p r o b a b l e  g a i n  o f  
7 2 )  i s  c h o s e n .  A f i f t h  c r i t e r i o n  i s  t o  p i c k  a l t e r n a t i v e  E ,  
which h a s  t h e  l o w e s t  p r o b a b l e  l o s s .  F i n a l l y ,  t h e  s i x t h  
c r i t e r i o n ,  s e l e c t i n g  t h e  a l t e r n a t i v e  w i t h  h i g h e s t  most 
l i k e l y  n e t  b e n e f i t ,  t a k e s  i n t o  a c c o u n t  b o t h  t h e  p r o b a b l e  
g a i n  and t h e  p r o b a b l e  l o s s ,  which,  i n  t h e  c a s e  u n d e r  c o n s i d -  
e r a t i o n ,  i s  a l t e r n a t i v e  D .  A l t e r n a t i v e  A i s  n o t  chosen  u n d e r  
any o f  t h e  above c r i t e r i a .  
The above s i m p l e  example  i s  i n t e n d e d  t o  make t h e  
f o l l o w i n g  p o i n t s :  
1. T h e r e  a r e  many d i f f e r e n t  c r i t e r i a  f o r  c h o o s i n g  
a l t e r n a t i v e s ;  t h a t  i s ,  t h e r e  a r e  many ways o f  
d e c i d i n g  what " b e s t "  o r  ' 'wors t"  mean i n  a  g i v e n  
c o n t e x t .  
2 .  Some e v a l u a t i o n  o f  t h e  l i k e l i h o o d  o f  f a i l u r e  o r  
s u c c e s s  and o f  t h e i r  r e s p e c t i v e  c o s t s  and b e n e f i t s  
i s  n e c e s s a r y  f o r  t h e  a l t e r n a t i v e s  t h e m s e l v e s  t o  
b e  e v a l u a t e d .  
3 .  The s i x  d i f f e r e n t  c r i t e r i a  f o r  c h o i c e  d e f i n e d  above 
c a n  be  e s s e n t i a l l y  g rouped  i n t o  two c l a s s e s :  
a i m i n g  a t  maximizing t h e  g a i n  o r  a t  m i n i m i z i n g  t h e  
l o s s ,  i. e .  t h e  a m b i t i o u s  and t h e  c a u t i o u s .  Our 
i g n o r a n c e  a b o u t  t h e  b e h a v i o r  o f  complex s y s t e m s ,  
p a r t i c u l a r l y  e n v i r o n m e n t a l  s y s t e m s ,  i s  s o  v a s t  t h a t  
i t  i s  o f t e n  f o o l i s h  t o  a d o p t  a n y t h i n g  b u t  a c a u t i o u s  
view o f  t h e  outcome. F a i l u r e  t o  d o  s o ,  and a t t e m p t s  
t o  i n c r e a s e  t h e  h i g h e s t  p o s s i b l e  b e n e f i t  w i t h o u t  
p r o p e r  c o n s i d e r a t i o n  o f  t h e  r i s k  i n v o l v e d ,  have 
a l r e a d y  t r a n s  formed g o l d e n  dreams i n t o  b l a c k  n i g h  t- 
m a r e s  i n  many p a r t s  o f  t h e  wor ld .  
X I .  How Can t h e  R e s u l t s  Be P r e s e n t e d ?  
P e r h a p s  t h e  g r e a t e s t  p o t e n t i a l  A c h i l l e s  h e e l  f o r  t h e  
d e c i s i o n  maker  who i n c l u d e s  mode l -genera ted  i n f o r m a t i o n  i n  
e n v i r o n m e n t a l  i m p a c t  a s s e s s m e n t s  l i e s  i n  communica t ing  t h e  
r e s u l t s .  Two p r o b l e m s  w i l l  assume u n u s u a l  i m p o r t a n c e .  F i r s t ,  
t h e  d e c i s i o n  maker  may become t h e  r e c i p i e n t  o f  a n  u n s e t t l i n g  
i f  n o t  a l a r m i n g  mass o f  i n f o r m a t i o n  t h a t  he  must  b r i n g  i n t o  
r a t i o n a l  and s i m p l e  f o c u s  b e f o r e  communica t ing  t h e  r e s u l t s  t o  
o t h e r  d e c i s i o n  m a k e r s .  Second,  t h e  c r e d i b i l i t y  o f  t h e  model- 
g e n e r a t e d  i n f o r m a t i o n  may b e  viewed w i t h  c a u t i o u s  o p t i m i s m  
a t  b e s t  and  s k e p t i c  h o s t i l i t y  a t  w o r s t .  The p o t e n t i a l  
s e r i o u s n e s s  o f  b o t h  f o r e g o i n g  p rob lems  may o d d l y  enough 
i n c r e a s e  i n  p r o p o r t i o n  t o  t h e  m o d e l ' s  c a p a c i t y  t o  h e l p  a n a l y z e  
complex p r o b -   ems . 
Thus ,  t h e  d e c i s i o n  m a k e r ' s  f i r s t  a b s o l u t e  r e q u i r e m e n t  
s h o u l d  b c  c o n s c i o u s l y  d e s i g n e d  i n f o r m a t i o n  t o  f i t  t h e  i n t e r -  
p r e t a t i v e  c a p a b i l i t i e s  o f  w h a t e v e r  o t h e r  d e c i s i o n  m a k e r ( s )  h e  
must communicate  w i t h .  A s a f e  r u l e  o f  thumb i s  t o  c o n s i d e r  
t h e  f i n a l  i n f o r m a t i o n  i n a p p r o p r i a t e  i f  i t  e x i s t s  i n  one form 
o n l y  ( s u c h  as t a b l e s ) .  The d e c i s i o n  m a k e r ' s  s e c o n d  a b s o l u t e  
r e q u i r e m e n t  s h o u l d  b e  t h e  c a p a b i l i t y  t o  s ta te  c l e a r l y  t h e  
r e l e v a n t  s t e p s  t h r o u g h  which raw d a t a  were  c o n v e r t e d  t o  
f i n i s h e d  i n f o r m a t i o n .  A safe r u l e  o f  thumb f o r  t h i s  r e q u i r e -  
ment i s  t o  c o n s i d e r  t h e  i n f o r m a t i o n ' s  c r e d i b i l i t y  i n  j e o p a r d y  
i f  t h e  i n f o r m a t i o n  e v e r  p a s s e s  t h r o u g h  a  " b l a c k  box , "  a s  
i n t e r p r e t e d  by t h e  d e c i s i o n  maker. 
R e g a r d l e s s  o f  w h e t h e r  t h e  model h a s  been a d o p t e d  f o r  
u s e  on a  compute r ,  i t  i s  a t  t h i s  s t a g e  o f  a s s e s s m e n t  t h a t  
c o m p u t e r - a i d e d  communicat ion f o r m s  ( a c t u a l l y  communicat ion 
m o d e l s )  can be o f  immeasurab le  v a l u e .  With a common s e t  o f  
d a t a ,  a  computer  s y s t e m  can  s i m u l t a n e o u s l y  p r o d u c e  a wide  
v a r i e t y  o f  s p e c i a l i z e d  d i s p l a y s ,  i n c l u d i n g  f low c h a r t s ,  
t a b l e s ,  m a t r i c e s ,  g r a p h s ,  r e s p o n s e  s u r f a c e s ,  maps, and r e p o r t s  
i n  t r a d i t i o n a l  p r o s e  form.  With s u c h  a  g r a d u a t e d  s e r i e s  o f  
d i s p l a y s  which t r a d e  o f f  d e p t h  o f  e x p l a n a t i o n  ( c r e d i b i l i t y )  
f o r  s i m p l i f i c a t i o n  ( e a s e  o f  i n t e r p r e t a t i o n )  a l m o s t  any 
d e c i s i o n  maker  can l o c a t e  a d i s p l a y  form which s u i t s  h i s  
i n t e r p r e t a t i v e  , a b i l i t i e s  and t h r o u g h  which h e  can b u i l d  a n  
u n d e r s t a n d i n g  and b e l i e f  i n  more o r  l e s s  complex formk o f  
a s s e s s m e n t  ( s e e  F i g u r e  3 ) .  I n  t h i s  manner two o r  more d e c i s i o n  
m a k e r s ,  e a c h  w i t h  w i d e l y  d i v e r g e n t  i n t e r p r e t a t i v e  a b i l i t i e s ,  
h a v e  a  common communicat ion p a c k a g e  from which t h e y  may 
a c h i e v e  an u n d e r s t a n d i n g  o f  t h e  lower  o r  h i g h e r  d e c i s i o n  
m a k e r ' s  v i e w p o i n t .  
X I I .  What Development o f  These  I d e a s  C a n  I Expec t  i n  t h e  
Near F u t u r e ?  
The d e s c r i p t i o n s  and  e v a l u a t i o n s  o f  m o d e l l i n g  c o n c e p t s  
r e l e v a n t  t o  e n v i r o n m e n t a l  i m p a c t  a s s e s s m e n t s  g i v e n  above  a r e  
b a s e d  on o u r  p r e s e n t  i n c o m p l e t e  knowledge o f  t h e  b e h a v i o r  
and m a t h e m a t i c s  o f  complex s y s t e m s .  T h i s  knowledge i s  
r a p i d l y  g r o w i n g ,  and w h i l e  i t  is i m p o s s i b l e  t o  p r e d i c t  where  
t h e  m a j o r  a d v a n c e s  and a c h i e v e m e n t s  w i l l  l i e ,  some g e n e r a l l y  
p r o m i s i n g  d i r e c t i o n s  can  b e  i d e n t i f i e d .  
Figure 3 .  Relationships among levels of decision making, form 
of displaying information in the information package, 
and comparative depth of explanation vs. ease of 
interpretation of each form (from Gross et al. [I] 1. 
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POLICY 
It i s  l i k e l y  t h a t  t h e  p r e s e n t  t r e n d  t o w a r d s  more 
p r e c i s e  and complex models  f o r  s p e c i f i c  s i t u a t i o n s  w i l l  
c o n t i n u e .  Some m a j o r  a d v a n c e s  t o  b e  e x p e c t e d  i n  t h i s  
d i r e c t i o n  a r e  t h e  development  o f  b e t t e r  p r o c e d u r e s  f o r  t h e  
a n a l y s i s  o f  t h e  r o l e  o f  s p a t i a l  c h a r a c t e r i s t i c s  o f  s y s t e m s ,  
t h e  deve lopment  o f  a t h e o r y  o f  s e l f - o r g a n i z i n g  s y s t e m s ,  
improvement o f  t h e  t e c h n i q u e s  o f  s e a r c h  f o r  optimum s e t s  
o f  c o n d i t i o n s ,  and t h e  e s t a b l i s h m e n t  of  t e c h n i q u e s  f o r  
c o n f l i c t  r e c o n c i l i a t i o n  i n  complex s y s  tems.  0 f  p a r t i c u l a r  
r e l e v a n c e  t o  e n v i r o n m e n t a l  p rob lems  would b e  t h e  deve lopment  
o f  p r o c e d u r e s  o f  e f f i c i e n t  s e a r c h  f o r  o p t i m a l i t y  i n  h i e r a r -  
c h i c a l  s y s t e m s ,  where  t h e  o p t i m i z a t i o n  a t  e a c h  s u b s y s t e m  
l e v e l  must be r e c o n c i l e d  w i t h  o p t i m a l i t y  o f  t h e  h i g h e s t  l e v e l  
o f  t h e  s y s t e m .  
I n  a d d i t i o n ,  a t r e n d  t o w a r d s  g e n e r a l i z a t i o n  o f  e n v i r o n -  
m e n t a l  model s t r u c t u r e s  i s  b e g i n n i n g  t o  emerge.  We c a n  
e x p e c t  t h e  deve lopment  o f  f l e x i b l e ,  e a s y  t o  u s e ,  compute r  
l a n g u a g e s  f o r  e n v i r o n m e n t a l  s i m u l a t i o n ,  a l l o w i n g  t h e  u s e r  
t o  c o n c e n t r a t e  on t h e  c o n c e p t u a l  p r o b l e m s ,  w i t h o u t  h a v i n g  t o  
wor ry  a b o u t  how t o  communicate w i t h  t h e  compute r .  C l o s e l y  
r e l a t e d  i s  t h e  p o s s i b i l i t y  o f  d e v e l o p i n g  f u n c t i o n a l  p a c k a g e s ,  
o r  m o d u l e s ,  f o r  e s s e n t i a l  and i n v a r i a n t  e c o l o g i c a l  p r o c e s s e s .  
These  c o u l d  be  combined i n  d i f f e r e n t  ways f o r  e a c h  p a r t i c u l a r  
p rob lem,  i n  much t h e  same way as p h y s i c a l  laws c u r r e n t l y  a r e  
i n t r o d u c e d  i n  t h e  c o n s t r u c t i o n  o f  m e t e o r o l o g i c a l  and hydro-  
l o g i c a l  m o d e l s .  
F i n a l l y ,  a  t r e n d  t o w a r d s  model  s i m p l i f i c a t i o n  may be 
e x p e c t e d ,  b e t t e r  a d a p t e d  t o  cope  w i t h  u n c e r t a i n t y  and w i t h  
t h e  i m p o r t a n t  q u a l i t a t i v e  a s p e c t s  o f  e n v i r o n m e n t a l  and e c o -  
l o g i c a l  p rob lems .  Such  mode l s ,  by u s i n g  s e m i q u a n t i t a t i v e  o r  
even  n o n - n u m e r i c a l ,  m a t h e m a t i c s ,  s h o u l d  be c h e a p e r  i n  t e r m s  
o f  t h e  d a t a  and r e s o u r c e  r e q u i r e m e n t s  t h a n  most c u r r e n t  
t y p e s  o f  model  and s t i l l  p r o v i d e  r i g o r o u s  a n s w e r s  t o  t h e  
b a s i c  q u e s t i o n s  p o s e d .  T h i s  a p p r o a c h  may be  e x p e c t e d  t o  
h e l p  i n  s o l v i n g  t h e  c u r r e n t  di lemma f o r  d e v e l o p i n g  c o u n t r i e s  
be tween ,  on t h e  ohk hand ,  t h e  u r g e n t  need  t o  u n d e r s t a n d  t h e i r  
e c o s y s t e m s  i n  o r d e r  t o  p r o v i d e  a d e q u a t e  management, a n d ,  on 
t h e  o t h e r ,  t h e  s e v e r e  r e s t r i c t i o n s  on  t h e  money a v a i l a b l e  
and on  t h e  number' o f  s p e c i a l i z e d  s c i e n t i s t s  who c a n  b e  
d e p l o y e d .  
However,' n o  - c o n s i d e r a t i o n  o f  f u t u r e  p o s s i b i l i t i e s  s h o u l d  
b e  a l l o w e d  t o  c o n c e a l  t h e  more i m p o r t a n t  f a c t  t h a t  t e c h n i q u e s  
a l r e a d y  e x i s t  t o  t a k e  e n v i r o n m e n t a l  i m p a c t  a s s e s s m e n t  f a r  
beyond t h e  s u b j e c t i v e  and s p e c u l a t i v e  s t i g e  a t  which  i t  i s  
f r e q u e n t l y  l e f t  a t  p r e s e n t ,  and t h a t  t h e r e  i s  an u r g e n t  n e e d  
f o r  w i d e r  and r a t i o n a l  u s e  o f  e x i s t i n g  m e t h o d o l o g i e s .  
X I 1  . Recommendat i o n s  
We d o  n o t  b e l i e v e  t h a t  t h i s  i s  t h e  p l a c e  t o  p r e s e n t  
r ecommenda t ions  c o n c e r n i n g  f u t u r e  r e s e a r c h  on  methodo logy .  
But  i t  i s  t h e  p l a c e  t o  p r e s e n t  r ecommenda t ions  f o r  i m p o r t a n t  
ways t o  f a c i l i t a t e  a p p l i c a t i o n  o f  p r e s e n t  me thodo logy .  We 
h a v e  t h r e e  recommendat ions  and e a c h  t o u c h e s  on t h e  i s s u e  of 
t r a i n i n g .  
1. A T r a i n i n g  Program on T e c h n i q u e s  o f  E n v i r o n m e n t a l  
Impact  Assessment  . S u f f i c i e n t  t e c h n i q u e s  and p r o c e d u r e s  f o r  
a s s e s s i n g  t h e  i m p a c t  o f  ma jor  deve lopments  c a n  now b e  o r g a n i z e d  
i n t o  a  c o h e r e n t  package .  But few p e o p l e  and  few c o u n t r i e s  a r e  
f a m i l i a r  w i t h  t h e i r  u s e .  S i n c e  e f f e c t i v e  a p p l i c a t i o n  r e q u i r e s  
a  minimum team o f  i n d i v i d u a l s ,  t r a i n i n g  of s e p a r a t e  i n d i v i d u a l s  
would b e  l e s s  e f f e c t i v e  t h a n  t r a i n i n g  o f  s m a l l  teams which  
have  worked t o g e t h e r  and would c o n t i n u e  t o  d o  s o  on t h e i r  
r e t u r n  t o  t h e i r  home c o u n t r y  o r  a g e n c y .  
One member of t h e  team s h o u l d  h a v e  m a n a g e r i a l  and p o l i c y  
e x p e r i e n c e  and t h e  r e m a i n i n g  s h o u l d  b e  h i s  t e c h n i c a l  s t a f f .  
Such a  team s h o u l d  spend one  y e a r  a s  a  c o h e s i v e  u n i t  i n  one 
-
of  an  i d e n t i f i e d  s e t  o f  c e n t e r s  e x p e r i e n c e d  i n  a s s e s s m e n t  
p r o c e d u r e s .  A key r e q u i r e m e n t  i s  f o r  t h e  home c o u n t r y  o r  
a g e n c y  t o  a s s u r e  t h a t  t h e  t eam remain  t o g e t h e r  and a p p l y  t h e i r  
e x p e r i e n c e  on t h e i r  r e t u r n .  O t h e r w i s e ,  t h e  e x p e r i e n c e  would 
become f r a g m e n t e d  and d i l u t e d .  
I f  t h e  t eam h a s  i n t e r e s t  i n  m o d e l l i n g  a p p r o a c h e s ,  t h e  
t e c h n i c a l  s t a f f  s h o u l d  j o i n t l y  have  knowledge o f  s e v e r a l  r e -  
s o u r c e  s y s t e m s  and some m o d e l l i n g  e x p e r i e n c e .  One member 
s h o u l d  be a  programmer.  
2 .  A Handbook o f  R e s o u r c e  and E n v i r o n m e n t a l  M o d e l l i n g  
c o u l d  now be p r e p a r e d  t o  p r e s e n t  a d e t a i l e d  g u i d e b o o k  f o r  t h e  
s t a f f  of  an e n v i r o n m e n t a l  impact a s s e s smen t  team. I t s  b e s t  
u s e  would be  i n  c o n j u n c t i o n  w i t h  t h e  t r a i n i n g  program d e s -  
c r i b e d  above .  
3. E x i s t i n g  Cornmunic a t i o n  S o f t  Ware Packages  s i m i l a r l y  
cou ld  be  c o n s o l i d a t e d  i n t o  a  s e t  which on one  hand would 
h e l p  t h e  s t a f f  c o n c e n t r a t e  on c o n c e p t u a l ,  r a t h e r  t h a n  
computer  p rob l ems ,  and on t h e  o t h e r ,  would h e l p  t h e  a s s e s s o r  
u n d e r s t a n d  and m a n i p u l a t e  t h e  d a t a  and a n a l y s e s  g e n e r a t e d  by 
h i s  s t a f f .  
APPENDIX 
An Example o f  t h e  Use o f  Models i n  P r e l i m i n a r y  Assessment  
We have chosen  t h e  f o l l o w i n g  example  (summarized f r o m  
W a l t e r s  [ 4 ]  ) t o  show one  way i n  which m o d e l l i n g  t e c h n i q u e s  
and p r o c e d u r e s  can  b e  u s e d  f o r  a  v e r y  r a p i d  p r e l i m i n a r y  
a s s e s s m e n t  o f  a  s p e c i f i c  l a r g e  s c a l e  r e g i o n a l  p r o j e c t .  Its 
p u r p o s e  was t o  i d e n t i f y  m i s s i n g  gaps  i n  knowledge,  and t o  
a l e r t  t h e  a s s e s s o r s  t o  some o f  t h e  c r i t i c a l l y  s i g n i f i c a n t  
q u e s t i o n s  t h a t  s h o u l d  b e  a n s w e r e d .  
The deve lopment  p r o j e c t  c o n c e r n e d  a l a r g e  h y d r o e l e c t r i c  
d e v e l o p m e n t  i n  t h e  James Bay T e r r i t o r y  i n  Quebec ,  Canada,  
c o v e r i n g  133 ,377  s q u a r e  m i l e s ,  an  a r e a  t w i c e  t h e  s i z e  o f  
Eng land .  The p r o j e c t  w i l l  p r o v i d e  minimum power o f  more 
t h a n  e i g h t  m i l l i o n  k i l o w a t t s  and i n v o l v e s  t h e  c o n s t r u c t i o n  o f  
f o u r  power h o u s e s ,  f o u r  main dams, t w e l v e  s p i l l w a y s ,  s i x  
c o n t r o l  s t r u c t u r e s ,  e i g h t y  m i l e s  o f  d i k e s ,  and t h r e e  a n c i l l a r y  
r e s e r v o i r s .  F o u r  m a j o r  r i v e r  s y s t e m s  w i l l  b e  a f f e c t e d  and 
t h e  complex w i l l  b e  b u i l t  o v e r  a t w e l v e - y e a r  p e r i o d .  
The p u r p o s e  o f  t h i s  p r e l i m i n a r y  a s s e s s m e n t  was t o  i n v o l v e  
a  g r o u p  o f  t w e n t y  p e o p l e - - h i g h  l e v e l  p o l i c y  m a k e r s ,  s p e c i a l i s t s  
i n  d i f f e r e n t  r e s o u r c e  s c i e n c e s ,  and t h e  d e v e l o p e r s  t h e m s e l v e s - -  
i n  a n  i n t e g r a t e d  view o f  t h e  i m p a c t  o f  t h e  d e v e l o p m e n t  and o f  
t h e  l o n g  r a n g e  management o f  t h e  a r e a .  An immedia te  g o a l  was 
t o  s e e  i f  t h e  a s s e s s m e n t  a g e n c y  s h o u l d  modify i t s  e x i s t i n g  
p l a n s  f o r  i m p a c t  s t u d i e s .  The g r o u p  was s u p p o r t e d  by a  s t a f f  
o f  f i v e  p r o f e s s i o n a l s  w i t h  e x p e r i e n c e  i n  r e l a t e d  r e s o u r c e  
s y s t e m s ,  s i m u l a t i o n  m o d e l l i n g ,  and programming. An i n i t i a l  
t h r e e  week p e r i o d  was s p e n t  by t h e  s t a f f  c o l l a t i n g  a v a i l a b l e  
i n f o r m a t i o n  and t h i s  was f o l l o w e d  by a n  i n t e n s i v e  f  ive -day  
workshop i n v o l v i n g  a l l  p a r t i c i p a n t s .  The p rob lem was d e f i n e d ,  
t h e  model d e v e l o p e d ,  and i t s  b e h a v i o r  e x p l o r e d  d u r i n g  t h i s  
f i v e - d a y  p e r i o d .  The m o d e l l i n g  and e v a l u a t i o n  t e c h n i q u e s  
u s e d  i n c o r p o r a t e d  many o f  t h e  f e a t u r e s  d e s c r i b e d  i n  t h i s  
p a p e r ,  and a f u l l e r  d e s c r i p t i o n  o f  b o t h  t h e  t e c h n i q u e s  and 
o f  t h e  workshop p r o c e d u r e s  c a n  b e  found i n  Walters [ 4 ]  and  
H o l l i n g  and Chambers [3]. 
A t  t h e  o u t s e t ,  t h e  s p a t i a l  f o c u s  f o r  t h i s  i m p a c t  s t u d y  
was p a r t  o f  t h e  t e r m s  o f  r e f e r e n c e .  P o t e n t i a l l y ,  t h e r e  a r e  
a n e s t e d  s e r i e s  o f  s p a t i a l  i m p a c t s  w i t h i n  Canada,  w i t h i n  t h e  
P r o v i n p e  o f  Q u e b e c ,  w i t h i n  t h e  James Bay T e r r i t o r y ,  and w i t h i n  
t h e  w a t e r s h e d s  d i r e c t l y  a f f e c t e d .  B u t ,  i n  o r d e r  t o  make t h i s  
f i r s t  s t e p  o f  a s s e s s m e n t  f e a s i b l e ,  t h e  g r o u p  c o n c e n t r a t e d  o n  
t h e  s c a l e  o f  t h e  w a t e r s h e d s ,  l e a v i n g  open t h e  a n a l y s i s  o f  
i m p a c t s  at  l a r g e r  s c a l e s  f o r  f u t u r e  s t e p s .  
The James Bay e x e r c i s e  began w i t h  t h e  i d e n t i f i c a t i o n  o f  
a  b a s i c  s e t  o f  s p e c i f i c  p r e d i c t i o n s  which t h e  model had t o  
h a n d l e ;  t h i s  was a  t a c t i c  f o r  h e l p i n g  t o  i d e n t i f y  t h e  key 
p r o b l e m s  and q u e s t i o n s  of i n t e r e s t .  F i r s t ,  i t  was d e c i d e d  
t h a t  t h e  model  must  r e p r e s e n t  t h e  t i m e  c o u r s e  o f  b r o a d  
i m p a c t  on  l a n d  a r e a ,  w a t e r  c o v e r a g e ,  and s h o r e l i n e  o f  t h e  
h y d r o e l e c t r i c  dams and d i v e r s i o n s .  T h i s  i s  e s s e n t i a l l y  a  
d a t a  summary and bookkeep ing  p rob lem.  Second,  i t  was 
n e c e s s a r y  t o  show t h e  o v e r a l l  b i o t i c  r e s p o n s e  o v e r  t i m e  t o  
t h e s e  g r o s s  c h a n g e s ;  i t  was e x p e c t e d  t h a t  t h e  d e v e l o p m e n t  
w i l l  d e r t r o y  h a b i t a t  f o r  some o r g a n i s m s ,  b u t  improve  
c o n d i t i o n s  f o r  o t h e r s .  T h i r d ,  i t  was e x p e c t e d  t h a t  hydro-  
e l e c t r i c  deve lopment  w i l l  a l t e r  t h e  t e m p o r a l  s t a b i l i t y  o f  
a q u a t i c  and s h o r e l i n e  e n v i r o n m e n t s  by r e d u c i n g  v a r i a t i o n  i n  
w a t e r  f l o w s .  The model was e x p e c t e d  t o  r e p r e s e n t  e f f e c t s  o f  
t h i s  s t a b i l i z a t i o n  on v e g e t a t i o n ,  f i s h ,  and w i l d l i f e .  F o u r t h ,  
c o n s t r u c t i o n  and m a i n t e n a n c e  a c t i v i t i e s  a r e  l i k e l y  t o  g e n e r a t e  
v a r i o u s  w a t e r  p o l l u t a n t s ,  e s p e c i a l l y  s i l t .  The model was 
e x p e c t e d  t o  r e p r e s e n t  t h e  s p a t i a l  and  t e m p o r a l  d i s t r i b u t i o n  
and d i s p e r s a l  o f  t h e s e  m a t e r i a l s ,  and g i v e  some p r e d i c t i o n  o f  
b i o t i c  i m p a c t s  f o r  a t  l e a s t  e x t r e m e  c o n d i t i o n s .  F i n a l l y ,  
deve lopment  w i l l  d r a m a t i c a l l y  a l t e r  a c c e s s i b i l i t y  o f  t h e  
a r e a ,  which may r e s u l t  i n  g r e a t l y  i n c r e a s e d  human a c t i v i t y .  
The model was t o  r e p r e s e n t  t h e  g e n e r a l  i m p a c t  o f  i n c r e a s e d  
e x p l o i t a t i o n  on a n i m a l  p o p u l a t i o n s  o f  t h e  a r e a .  
The i d e n t i f i c a t i o n  o f  t h e s e  p r o b l e m  a r e a s  l e d  t o  t h e  
s u b s y s t e m  breakdown and i n f o r m a t i o n  t r a n s f e r  scheme shown i n  
T a b l e  1. System components  m i s s i n g  from t h i s  t a b l e  i n c l u d e  
t h e  m a r i n e  e n v i r o n m e n t  and t h e  a t m o s p h e r e .  H y d r o e l e c t r i c  
d e v e l o p m e n t  i s  e x p e c t e d  t o  a l t e r  m a r i n e  c o n d i t i o n s ,  e s p e c i a l l y  
w i n t e r  i c e  p a t t e r n s ,  and  t h e r e  i s  a l s o  t h e  p o s s i b i l i t y  o f  
c l i m a t i c  c h a n g e s .  M e a n i n g f u l  p r e d i c t i o n s  c o n c e r n i n g  t h e s e  

q u e s t i o n s  would r e q u i r e  t h e  deve lopment  o f  v e r y  s p e c i a l i z e d  
and complex s p a t i a l  m o d e l s ,  which were beyond t h e  s c o p e  o f  
t h e  workshop s e s s i o n .  Along w i t h  t h e  i n f o r m a t i o n  t a b l e ,  i t  
was n e c e s s a r y  t o  d e c i d e  on a s y s t e m  f o r  r e p r e s e n t i n g  s p a t i a l  
p a t t e r n s .  It was d e c i d e d  t o  d i v i d e  t h e  a r e a  i n t o  a s e r i e s  
o f  i r r e g u l a r  l a n d  u n i t s ,  w i t h  e a c h  u n i t  c o n t a i n i n g  no more 
t h a n  one component o f  t h e  h y d r o e l e c t r i c  deve lopment  ( e . g .  
one dam) and s m a l l  enough t o  b e  c o n s i d e r e d  homogeneous w i t h  
r e s p e c t  t o  t r a n s p o r t a t i o n  a c c e s s  and g e n e r a l  p r o d u c t i v i t y  
f o r  w i l d l i f e  and f i s h .  
The submode l s  i n d i c a t e d  i n  T a b l e  1 were t h e n  d e v e l o p e d ,  
f o l l o w i n g  t h e  p r o c e d u r e s  o u t  l i n e d  i n  t h i s  p a p e r ,  by s u b g r o u p s ,  
e a c h  c o m p r i s e d  o f  p o l i c y  makers ,  r e s o u r c e  s p e c i a l i s t s ,  and 
o n e  s t a f f  p e r s o n .  The e m p h a s i s  was on  d i s a g g r e g a t i n g  t h e  
submode l s ,  c h o o s i n g  a p p r o p r i a t e  l e v e l s  o f  p r e c i s i o n  and con- 
c e n t r a t  i n g  on c o n c e p t u a l i z i n g  r e l a t i o n s  between v a r i a b l e s .  
The  programming and m a t h e m a t i c s  was k e p t  i n  t h e  background  as 
a t e c h n i c a l  p r o b l e m  o f  t r a n s l a t i o n ,  s o  t h a t  t h e  g r o u p  c o u l d  
c o n c e n t r a t e  on t h e  k e y  i s s u e s  o f  c o n c e p t u a l i z a t i o n .  
A s  t h e  submodels  ( d e t a i l s  i n  W a l t e r s  [ 4 ]  ) were  b e i n g  
programmed, t h e  p a r t i c i p a n t s  were  r e f o r m e d  f rom t h e i r  sub-  
model g r o u p s  i n t o  p o l i c y  a n a l y s i s  g r o u p s ,  e a c h  r e p r e s e n t i n g  
a  m a j o r  i n t e r e s t  f o c u s  o f  t h e  James Bay c o n t r o v e r s y .  Each 
g r o u p  was t h e n  a s k e d  t o  do t h r e e  t h i n g s :  ( 1 )  d e v e l o p  a l i s t  
o f  i m p a c t  v a r i a b l e s  t h a t  b e s t  i n d i c a t e d  t h o s e  a s p e c t s  which 
a r e  o f  c o n c e r n  t o  t h e  i n t e r e s t  g r o u p ;  ( 2 )  d e v e l o p  a s e t  o f  
a  p r i o r i  i n t u i t i v e  p r e d i c t i o n s  a b o u t  t h e  e f f e c t  o f  e a c h  
- -  
i n t e r v e n t i o n  on e a c h  o u t p u t  i n d i c a t o r  v a r i a b l e ;  and  
( 3 )  f o r m u l a t e  s e v e r a l  o v e r a l l  management s c e n a r i o s ,  e a c h  
e x p r e s s e d  as a c o m b i n a t i o n  o f  p o l i c y  a c t i o n s ,  which t h e  
g r o u p  f e l t  would r e p r e s e n t  d i f f e r e n t  management g o a l s .  
A f t e r  some d i s c u s s i o n ,  t h r e e  o f  t h e s e  g r o u p s  were  formed 
r e f l e c t i n g  t h r e e  b r o a d  c a t e g o r i e s  o f  i m p a c t  : r e s o u r c e  
d e v e l o p m e n t ,  e n v i r o n m e n t ,  and I n d i a n  w e l f a r e .  
The i m p a c t  o f  e a c h  a c t i o n  on e a c h  i m p a c t  v a r i a b l e  was 
s i m p l y  shown a s  0, +, o r  -, f i r s t  d u r i n g  t h e  c o n s t r u c t i o n  
p h a s e ,  and t h e n  a f t e r  t h e  c o n s t r u c t i o n .  A s e c t i o n  o f  t h i s  
t a b l e  i s  shown i n  T a b l e  2 f o r  t h e  p o s t - c o n s t r u c t i o n  p h a s e  w i t h  
t h e  p r e d i c t i o n s  o f  t h e  model i n c l u d e d  f o r  c o m p a r i s o n .  The 
key r e s u l t  o f  t h i s  e x e r c i s e  was t h a t  t h e  b a s i c  i m p a c t s  
( p o s i t i v e  o r  n e g a t i v e )  p r e d i c t e d  by t h e  model were  e x a c t l y  
o p p o s i t e  f rom what had  been e x p e c t e d  f o r  o v e r  7 0 %  o f  t h e  
a c t i o n - i m p a c t  c o m b i n a t i o n .  I n  e v e r y  c a s e ,  a s i m p l e  e x p l a n -  
a t i o n  f o r  t h e  d i f f e r e n c e  was c l e a r  a f t e r  b r i e f  e x a m i n a t i o n  
o f  t h e  model  s t r u c t u r e ,  and t h e  p a r t i c i p a n t s  g e n e r a l l y  
a g r e e d  t h a t  t h e r e  had b e e n  o b v i o u s  flaws i n  t h e i r  i n t u i t i v e  
r e a s o n i n g .  
An example  o f  some d e t a i l e d  p r e d i c t i o n s  o f  two manage- 
ment s c e n a r i o s  i s  shown i n  F i g u r e  1. The model  made t h r e e  
major  p r e d i c t i o n s  which were  c o u n t e r  t o  any  e x p e c t a t i o n s  
e x p r e s s e d  e i t h e r  by t h e  workshop g r o u p  o r  i n  p u b l i s h e d  
i m p a c t  s t a t e m e n t s  r e l a t e d  t o  t h e  James Bay a r e a .  F i r s t ,  by 
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p r o v i d i n g  a n  o v e r a l l  bookkeeping a s se s smen t  o f  t h e  l a n d  and 
w a t e r  a r e a s  i n v o l v e d  i n  h y d r o e l e c t r i c  deve lopment ,  t h e  model 
p o i n t e d  o u t  t h a t  t h e  d i r e c t  impac t s  o f  dam c o n s t r u c t i o n  a r e  
n o t  l i k e l y  t o  be s i g n i f i c a n t ;  o n l y  a small p e r c e n t a g e  o f  t h e  
l a n d  w i l l  a c t u a l l y  be  i n u n d a t e d .  Second,  by f a r  t h e  l a r g e s t  
impac t  on f i s h  and w i l d l i f e  r e s o u r c e s  i s  l i k e l y  t o  come from 
t h e  i n c r e a s e  i n  r e c r e a t i o n a l  demand; i n  r e t r o s p e c t  i t  i s  
obv ious  t h a t  even  small r e c r e a t i o n a l  f i s h e r i e s  c an  s e r i o u s l y  
d e p l e t e  n o r t h e r n  l a k e s  and s t r e a m s  t h a t  can s u p p o r t  o n l y  a  
few f i s h  p e r  a c r e ,  t u r n i n g  o v e r  o n l y  o n c e  e v e r y  s e v e r a l  y e a r s .  
F i n a l l y ,  it i s  n o t  s imp ly  t h e  c a s e  t h a t  more i n t e n s i v e  hydro-  
e l e c t r i c  development  i n  t h e  a r e a  would r e s u l t  i n  worse  env i ron -  
men t a l  p rob lems .  Even w i t h o u t  t h e  dams, s e r i o u s  f u t u r e  e n v i -  
r o n m e n t a l  consequences  were  p r e d i c t e d .  I n  a d d i t i o n ,  t h e  
model was t e s t e d  w i t h  t h e  s t a n d a r d  LeGrande Complex c o n s t r u c -  
t i o n  p l a n ,  t h e n  compared t o  an e v e n  more e l a b o r a t e  dam and 
d i v e r s i o n  p l a n  which h a s  been c o n t e m p l a t e d  (The Complex du 
Nord) .  The hyd ro logy  submodel p r e d i c t s  t h a t  t h e  LeGrande 
Complex would n o t  r e s u l t  i n  much r e g u l a t i o n  o f  w a t e r  f l ows  
and l e v e l s ,  s o  r e s e r v o i r s  would be  s u r r o u n d e d  much o f  t h e  
t i m e  by l a r g e  m u d f l a t  a r e a s  which would n o t  be a t t r a c t i v e  f o r  
r e c r e a t i o n  ( g e e s e  might  p r o s p e r ,  however ,  i n  t h e s e  a r e a s ) .  On 
t h e  o t h e r  hand,  t h e  complex d i v e r s i o n  scheme i n  t h e  Complex 
du  Nord s h o u l d  r e s u l t  i n  much s t a b i l i z e d  f l ows  and l e v e l s ,  
making r i v e r  banks and r e s e r v o i r s  more a t t r a c t i v e  f o r  
r e c r e a t i o n  ( b u t  some w a t e r f o w l  h a b i t a t  would be  l o s t ) .  
Cons ide r ing  t h e s e  p r e d i c t i o n s ,  it  i s  no t  s u r p r i s i n g  t h a t  
t h e  workshop s u g g e s t e d  s e v e r a l  p o s s i b l e  changes  i n  t h e i r  
impact  assessment  s t u d i e s .  I n  p a r t i c u l a r ,  i t  a p p e a r s  t h a t  
much more emphasis  should be p l a c e d  on m o n i t o r i n g  o f  l a n d s  
and w a t e r s  which a r e  n o t  d i r e c t l y  i nvo lved  i n  t h e  development ,  
b u t  which w i l l  be made a c c e s s i b l e  f o r  r e c r e a t i o n a l  use .  Also,  
t h e  impac t s  o f  t h e  c o n s t r u c t i o n  workers  s h o u l d  be c a r e f u l l y  
moni tored .  The model p r e d i c t i o n s  were c r i t i c a l l y  s e n s i t i v e  
t o  t h e  hypo theses  conce rn ing  Ind i an  v a l u e s  and r e s o u r c e  
u t i l i z a t i o n .  While t h i s  had always been r e c o g n i z e d ,  t h e r e  
had been no c l e a r  f o c u s  f o r  t h e  d a t a  c o l l e c t i o n  u n t i l  t h e  
model had been deve loped .  
Throughout t h e  workshop, p a r t i c i p a n t s  were asked  t o  
compare i n f o r m a t i o n  r equ i r emen t s  o f  t h e  model t o  t h e  d a t a  
g a t h e r i n g  p l a n s  which have a l r e a d y  been f o r m u l a t e d  f o r  t h e  
LeGrande a r e a .  I n  g e n e r a l ,  t h e  p l a n s  a s  t h e n  fo rmula t ed  f o r  
i n t e n s i v e  s u r v e y s  and env i ronmen ta l  mon i to r ing  would c o n t r i b u t e  
ve ry  l i t t l e  t o  f u t u r e  management des ign ,  even though d a t a  
g a t h e r i n g  f o r  e v e n t u a l  systems a n a l y s i s  i s  c o n s i d e r e d  t o  be  
a  c e n t r a l  g o a l  i n  t h e  James Bay a r e a .  I t  i s  ha rd  t o  imagine 
how e f f e c t i v e  management d e c i s i o n s  can be made w i t h o u t  answers  
t o  some o f  t h e  q u e s t i o n s  which a r o s e  d u r i n g  t h e  development  o f  
t h e  model d e s c r i b e d  above, and i t  i s  c l e a r  t h a t  t h o s e  q u e s t i o n s  
would n o t  have been answered by t h e  impact s t u d i e s  o r i g i n a l l y  
p lanned .  
Obvious ly ,  many o f  t h e  pa rame te r  e s t i m a t e s  used  i n  t h e  
model were pu re  g u e s s e s ;  i n  many c a s e s  b e t t e r  e s t i m a t e s  s imply 
do n o t  e x i s t ,  e s p e c i a l l y  t h o s e  r e l a t e d  t o  r e c r e a t i o n a l  
demand. S i m u l a t i o n  mode l s  i n  r e s o u r c e  management a r e  o f t e n  
open t o  t h i s  c r i t i c i s m ,  and t y p i c a l l y ,  t h e  c o n c l u s i o n  i s  
drawn t h a t  m o d e l l i n g  i s  p r e m a t u r e .  The James Bay e x e r c i s e  
p o i n t s  o u t  v e r y  n i c e l y  t h e  f a l l a c y  of t h i s  c o n c l u s i o n ;  g i v e n  
c u r r e n t  d i r e c t i o n  o f  r e s e a r c h  and m o n i t o r i n g  e f f o r t ,  t h e  
a p p r o p r i a t e  d a t a  would n e v e r  be c o l l e c t e d .  We t e n d  t o  f o r g e t  
t h a t  a l l  d a t a  c o l l e c t i o n  i s  g u i d e d  by some model o f  n a t u r e ;  
workshops  and o t h e r  e x e r c i s e s  o n l y  t r y  t o  b r i n g  t h i s  model 
o u t  i n t o  t h e  open s o  t h a t  i t s  b a s i c  a s s u m p t i o n s  c a n  be  
. , 
examined o b j e c t i v e l y .  
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